
 

 

 

USDA-NRCS          Appendix - 1                                    February 2021 

 

 

 

 

 

 

 

 

 

Appendix A 
 

Comments and Responses 

 

  



 

 

 

USDA-NRCS          Appendix - 2                                    February 2021 

 

 

 

 

 

 

 

 

 

Appendix B 
 

Project Map 



 

 

 

USDA-NRCS          Appendix - 3                                    February 2021 

 

 
Figure B-1: Basin Project Map   
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Figure C-1: Simplified Geology of the Project Area   
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Figure C-2: Soil Capability Classification Map of the Project Area  
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Figure C-3: Groundwater Map of the Choc-Pea Basin Project Area 
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Figure C-4: Map of Congressional Districts Overlapping the Choc-Pea Basin 
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Figure C-5: Map of All Soil Types in the Project Area 
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Figure C-6: Map of Prime Farmland in the Project Area  
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Figure C-7: Map of All T&E Species in the Project Area 
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Figure C-8: Map of T&E Bird Species in the Project Area  
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Figure C-9: Map of T&E Fish Species in the Project Area 
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Figure C-10: Map of T&E Mussels Species in the Project Area  
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Figure C-11: Map of T&E Plant Species in the Project Area  
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Figure C-12: Strategic Habitat Units in the Project Area  
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Figure C-13: Map of the Percent of Irrigated Agricultural Land by HUC-12 in the Choc-Pea 

Basin 
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Figure C-14: Flood Hazard Zones within the Project Area  
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Figure C-15: Land Use in the Project Area  
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Figure C-16: Topography in the Choc-Pea Basin Project Area  
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Figure C-17: Map of Wells within the Choc-Pea Basin Area  
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Figure C-18: Map of NRHP and ARLH Listed Resources within the Choc-Pea Basin Area 
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Figure C-19: Map of Historic and Named Cemeteries within the Choc-Pea Basin Area 
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D.1 National Economic Development Analysis  

 

 

 

National Economic 

Development Analysis 
 

 

  



 

 

 

USDA-NRCS          Appendix - 26                                    February 2021 

 

D.1 Benefits and Costs 

This section provides a National Economic Development (NED) analysis that evaluates the costs and 

benefits of the Preferred Alternative of increasing on-farm irrigation systems compared to the No-

Action Alternative (referred to as No-Action). The analysis uses Natural Resources Conservation 

Service guidelines for the evaluation of NED benefits as outlined in the NRCS Natural Resources 

Economics Handbook and the Economic and Environmental Principles and Guidelines for Water and 

Related Land Resources Implementation Studies.  

All economic benefits and costs are provided in 2020 dollars and have been discounted and 

amortized to average annualized values using the 2020 federal water resources planning rate of 2.75 

percent.  

 

1.1. Analysis Parameters  

This section describes the general parameters of the analysis, including the project purpose, funding 

sources, the evaluation unit, the project implementation timeline, the period of analysis, and on-farm 

irrigation adoption rates.  

1.1.1. Project Purpose  

The purpose of this project is to minimize damage to plant health and vigor, improve soil 

health, and protect basin water quality all of which are resources of concern associated with 

rainfed farming in Alabama. Climate change projections vary from more precipitation 

arriving in extreme, less frequent storms to less precipitation accompanied by increased 

temperatures. The uncertainty of climate model predictions supports the need for a reliable 

source of water, as risks to land, labor, and resources occur. This project is needed to address 

untimely and inadequate precipitation, which results in less biomass development and 

impacts to plant health and vigor. Reduced biomass limits the incorporation of critical 

organic matter into the soil, reducing soil health. Nutrient use efficiency is decreased when 

plant health and vigor is impacted, which increases nutrients available for export. By 

developing diffuse or decentralized on-farm irrigation systems suitable for the farming 

practices in the Choc-Pea, resilience of the agricultural resources of concern is enhanced and 

the risk of damages can be greatly reduced. The project would be developed such that it 

adheres to State and Federal law and sustainably uses water systems. Implementation of the 

proposed action would satisfy the PL-566 Authorized Project Purpose, Agricultural Water 

Management (AWM), through irrigation and agricultural water supply for the benefit of local 

landowners and communities. 
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1.1.2. Funding  

Funding is expected to be provided through Public Law 83-566 funds with a cost-share from 

farmers. The farmer portion would be from non-federal funds.  

1.1.3. Evaluation Unit  

We compare the Preferred Alternative and the No-Action Alternative on the basis of 

additional irrigated acres due to PL 83-566 funding. 

1.1.4. Project Timeline  

With current funding, we estimate irrigation investment associated with the project will take 

place over four years. Irrigation investment will begin in year 1. From initial discussions with 

farmers in the Choc-Pea Basin, most interested participants already have access to ground or 

surface water, so the only investment would be in irrigation equipment, e.g., center pivots, 

etc., which can be installed and running within the first year of the project.   

 

1.1.5. Period of Analysis  

The period of analysis used is 24 years. We estimated the life of a well at 20 years with 

installation of 4 years. The life of a center pivot is estimated at 20 years with installation of 2 

years. 

This complements the 10 percent Environmental Sensitivity Scenario where at the current 

rate of irrigation adoption (the No-Action plan), it would take approximately 54 years to 

reach the hypothetical 168,975 irrigated acres within the basin area dependent upon only 

surface water sources based on the Irrigation Density Analysis (see Appendix D.2). The 

Preferred Alternative target adoption rate of 4,200 acres per year would shorten that time 

period to approximately 40 years to reach the hypothetical 168,975 irrigated acres. This is the 

first year the Environmental Sensitivity Scenario may be reached.  

The period of analysis for the Environmental Sensitivity Scenario was found by dividing the 

Preferred Alternative target of 16,800 additional irrigated acres by the target adoption rate of 

4,200 acres/year. This is the 4 years of installation. Then a center pivot lifespan of 20 years. 

1.1.6. Irrigation Adoption Rates  

With no plan, funds dedicated towards irrigation investment in the future are uncertain. 

Therefore, there are no NED costs and benefits in a future without plan. Handyside (2017) 

found that irrigated acreage increased at an average of 3,151 acres per year from 2006-2015 

within the Choc-Pea Basin. With the plan, we project that irrigation acreage adoption will 

increase by forty percent (4,200 total irrigated acres per year) until available program funds 

are expended (approximately four years). 



 

 

 

USDA-NRCS          Appendix - 28                                    February 2021 

 

After 20 years, a farmer would have to reinvest in a new irrigation system (or make 

substantial upgrades to the old). Funds are uncertain for reinvestment, so we assume no 

irrigation investment associated with the project after the 20-year useful life of the irrigation 

system purchased with project funds. 
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2. Proposed Project Costs  

2.1. Costs Considered and Quantified  

 

The Operation, Maintenance, and Replacement (OM&R) costs to be borne by producer are included 

in the crop enterprise budgets found in Appendix D, Section 5.1, and can also be seen in the table 

below (Table D-1). Tables D-2, D-3, and D4 (NWPM 506.11, 506.12, 506.18, Economic Tables 1, 2, 

and 4) below summarize installation costs, distribution of costs, and total annual average costs for the 

Alternative. The subsections below provide details on the derivation of the values in the tables. 

Average annual costs include those associated with installation costs.  

 

Table D-1. OM&R Costs Associated with the Well-Pivot Scenario, 2020$ 
Well-Pivot Scenario 

Item Per Acre Total (130 acres) 

Pivot $894 $116,256 

Pump $145 $18,853 

Pipe $105 $13,651 

Wire $56 $7,255 

Pump Panel $45 $5,849 

Utilities $69 $8,940 

Valves, fittings $33 $4,348 

Remote $30 $3,938 

Well  $130,000 

Pond (30 ac-ft)   

Total  $309,090 

Total Per Acre  $2,378 
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The OM&R was calculated in the following manner:  

The Well-pivot scenario seen above has a cost of $2,378 per acre based on a 130-acre system 

(NRCS, n.d.). Operating costs are estimated to be $7 per acre inch of water applied, and a total of 5-

acre inches are assumed to be applied each year for each crop (G. Morata, B. Goodrich, B. Ortiz, 

2019). The total cost of the 130-acre irrigation system is $309,090. Of this total cost, the cost of the 

well is 42 percent and the irrigation system is 58 percent.  

On a per acre basis, this cost is shown as $61.33 ($20 for the well system and $41.33 for the pivot). 

By adding the operating cost of $35 to the repair and maintenance cost of $61.33, the annual cost is 

$96.33 OM&R. The cost was calculated annually for acres of irrigated project area for the period of 

analysis (24 years), and an NPV for OM&R was calculated. The NPV for OM&R is $22,321,894. 



 

 

 

USDA-NRCS          Appendix - 31                                    February 2021 

 

Table D-2. Economic Table 1-- Estimated Installation Cost, Choc-Pea Basin, Alabama, 2020$ 

Works of 

Improvement 

Unit Number Estimated cost (dollars)1,2,3 

Public Law 83-566 Funds Other Funds Total 

Federal 

Land 

Non-

Federal 

Land 

Total Federal 

Land 

NRCS 

Non-Federal 

Land NRCS 

Total Federal 

Land 

Non-Federal 

Land 

Total 

Investment in 

Irrigation 

Equipment 

Acres 0 16,800 16,800 $- $23,130,026 $23,130,026 $- $18,174,483 $18,174,483 $41,304,509 

Total Project Acres 0 16,800 16,800 $- $23,130,026 $23,130,026 $- $18,174,483 $18,174,483 $41,304,509 

1
Price Base: 2020 dollars 

2
Project cost includes 6.25% technical assistance costs 

3
Assume 70% of PL 83-566 funds go towards a 50% cost-share with farmers, while 30% of PL 83-566 funds go towards a 65% 

cost-share with farmer. Other funds represent farmer contributions. 
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Table D-3. Economic Table 2- Estimated Cost Distribution Irrigation Equipment Investment, 

Choc-Pea Basin, Alabama, 2020$ 

Works of 

Improvement 

Installation Costs-PL 83-566 Funds1,2 Installation Costs-Other Funds Total 

Construction Project Admin3 Total PL 83-566 Construction  Project 

Admin 

Total Other 

Investment in 

Irrigation Equipment 

 $21,769,436  $1,360,590  $23,130,026  $18,174,483  $-    $18,174,483  $41,304,509 

Total costs  $21,769,436  $1,360,590  $23,130,026  $18,174,483  $-    $18,174,483  $41,304,509 

1
Price Base: 2020 dollars 

2
Assume 70% of PL 83-566 funds go towards a 50% cost-share with farmers, while 30% of PL 83-566 funds go towards a 65% 

cost-share with farmer. Other funds represent farmer contributions.  

3
Project Admin includes project administration, technical assistance costs and permitting costs. 
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Table D-4. Economic Table 4- Estimated Average Annual NED Costs, Choc-Pea Basin, 

Alabama, 2020$ 

Works of 

Improvement 

Project Outlays (Amortization of 

Installation Costs)1 

Project Outlays 

(OM&R Cost) 

Other Direct 

Costs 

Total1 

Investment in 

Irrigation Equipment 

$2,219,082 $1,360,326 $- $3,579,409 

Total $2,219,082 $1,360,326 $- $3,579,409 

1 
Price base: 2020 dollars, amortized over 24 years at a discount rate of 2.75% 
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2.1.1. Project Installation Costs  

Table D-5 below shows estimated irrigation investment costs by type of irrigation. Because 

the ideal irrigation system would vary based on conditions at the specific site, we assume 

investment costs will be on average $2,378/irrigated acre. It is assumed that a well-pivot 

combination will be utilized. This seems reasonable given the likelihood of farmers using 

center pivots in the basin area. As stated earlier, we assume an increase in irrigated acres of 

4,200 per year for four years. 

We assume that 70 percent of program funds will be used for irrigation investment by 

farmers who qualify for 50 percent cost-share (i.e., federal funds pay 50 percent irrigation 

investment costs), while 30 percent of program funds will be used for those who qualify for 

65 percent cost-share (i.e., federal funds pay 65 percent irrigation investment costs). With 

these assumptions, the federal expenditures each year are roughly $5.4 million directly on 

irrigation investment. We assume technical assistance costs are 6.25 percent of federal funds 

spent on irrigation investment, so approximately $340,000 per year will be paid out in 

program funds for technical assistance to regulatory agencies. We assume maintenance costs 

are 2% of the investment cost of the well and 3% of the investment cost of pivots, and 

operating costs are $35 per acre. This results in average annual NED costs associated with 

irrigation investment of approximately $3.5 million. 
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Table D-5. Irrigation Costs Per Acre for Various Systems 

Irrigation Type Estimated Investment Cost Per 

Acre 

Source 

Center Pivot $1,160-$2,400 Morata, Goodrich and Ortiz (2019) 

Subsurface Drip $1,200-$1,800 Amosson et al. (2011), Stubbs (2015) 

Surface Drip $860 Stubbs (2015) 

Low-Flow Micro Sprinklers $2,800 Stubbs (2015) 

Side Roll or Wheel Move $610 Stubbs (2015) 

 

3. Proposed Project Benefits  

Table D-6 (NWPM 506.20, Economic Table 5a) summarizes annual average NED project benefits, 

while D-7 (NWPM 506.21, Economic Table 6) compares them to the annual average project costs 

presented in Table D-6. Onsite damage reduction benefits that will accrue to agriculture and the local 

rural community include reduction in crop loss. Offsite benefits include reduced carbon dioxide 

emissions and nitrogen export to waterways. 
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Table D-6. Economic Table 5a- Estimated Average Annual Watershed Protection Damage 

Reduction Benefits, Choc-Pea Basin, Alabama, 2020$ 

 

  

Item 

Damage Reduction Benefit, Average Annual 

Agricultural-Related1 Non-Agricultural Related1 

Onsite Damage Reduction Benefits  $3,947,020 $-  

Subtotal $3,947,020 $- 

Offsite Damage Reduction Benefits $0   

External Carbon Dioxide Reduction  $75,127 

External Nitrogen Load Reduction  $180,561 

Subtotal $0 $255,689 

Total Quantified Benefits $3,947,020 $255,689 

1
Price base: 2020 dollars, amortized over 24 years at a discount rate of 2.75% 
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Table D-7. Economic Table 6- Comparison of Average Annual NED Costs and Benefits, Choc-

Pea Basin, Alabama, 2020$ 

Works of 

Improvement 

Agriculture 

Related1 

Non-

Agriculture 

Related1 

Average Annual 

Benefits1 

Average Annual 

Costs2 

Benefit 

Cost Ratio 

Investment in 

Irrigation 

Equipment 

$3,947,020 $255,689 $4,202,709 $3,579,409 1.17 

Total $3,947,020 $255,689 $4,202,709 $3,579,409 1.17 

1
Price base: 2020 dollars, amortized over 24 years at a discount rate of 2.75% 

2
From Economic Table 4 
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3.1. Benefits Considered and Quantified for Analysis  

3.1.1. Onsite Damage Reduction Benefits  

Precipitation is critical for rainfed crop development during the growing season, which is 

historically defined as March through October for corn crops. To gauge the impact of drought 

on Choc-Pea Basin rainfed corn crops, we analyzed the average precipitation minus the 

average evapotranspiration.  

Assumptions are that when average precipitation is less than average evapotranspiration, 

plants may become stressed and the year can be considered an agricultural “dry” year due to 

a precipitation deficit. The opposite can be said when average evapotranspiration is less than 

average precipitation and can be considered a “wet” year due to adequate precipitation 

(Figure D-1).  
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Figure D-1:  Percentage of Time that Months During the Growing Season  

(March – July) Were Wet or Dry from 1916 – 2011  

 

Data indicate a lack of adequate water for crops during the growing season in the Choc-Pea 

Basin. Average values were weighted across all land surface types and not exclusively 

cropland evaporation and precipitation, but they are still an indicator of plant stress 

associated with water consumption.  

For example, the month of June is a critical growth period for corn crops, and provides a 

representation of overall plant health. Similar issues with inadequate precipitation timing in 
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other crops like soybeans and peanuts also exist in the Basin, but corn crops were used in this 

example. June has a more even ratio of wet and dry years compared to other months (e.g., 

March), but historical data still show a precipitation deficit more than 45 percent of the time 

(Figure D-2).  

 

 

Figure D-2:  Precipitation Values for the Month of June in the Pea Basin (1916 – 2011)  
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In the Choc-Pea Basin, June is considered the beginning of the silking stage for corn, which 

directly influences kernel weight and number. Corn is very sensitive during the silking stage 

and can be directly compromised by factors such as drought and extreme heat. During times 

of drought, silks will grow slowly, fail to emerge in time for pollination, and impact ear 

development. This further indicates that adequate precipitation is critical for crop 

development as a period of dryness can directly affect plant health and vigor of corn crops. 

For example, it has been shown that just one day of moisture stress a week after silking can 

result in a yield loss of 8 percent (KSU, 2007). Figure D-3 depicts the results from crop 

models showing yields compared to June precipitation at the agricultural research station in 

Headland, Alabama. 

 

 

 

 



 

 

 

USDA-NRCS          Appendix - 42                                    February 2021 

 

 

Figure D-3: Historical Corn Yields and June Precipitation for Headland, AL (1951 – 2006) 

 

 

In the Choc-Pea Basin, a yield of 109 bu/acre for corn is considered sustainable for 

producers. While the sustainable yield of 109 bu/ac is approximate, it is still a realistic 

representation of long-term yields in the region. This number was calculated by averaging the 

“break-even yield – all costs” values with the “break-even yield-variable costs” from 1996 to 

2019 using crop data from Headland, Alabama (Figure D-4). Farmers producing yields less 

than this are considered to be in a production deficit (USDA, n.d.).  
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Figure D-4: ERS Historical Break-Even Yield for All Costs and Variable Costs (1951 – 2006) 

 

June precipitation minus evapotranspiration averages were compared to corn crop yields in 

the Choc-Pea Basin over a period of 54 years (Figure D-5). In 23 of the 54 years (or 41 

percent of the time), farmers had yields below 109 bu/acre (production deficit). Of those low 

yield years, June had a precipitation deficit 39 percent of the time correlating to low yields. 

 



 

 

 

USDA-NRCS          Appendix - 44                                    February 2021 

 

 

 
Figure D-5: Historical Corn Yields and June Precipitation Minus Evapotranspiration (PME) 

for Headland, AL (1951 – 2006) 

 

The differences in net profit per acre between irrigated and non-irrigated crops were 

estimated using Enterprise Budgets. For corn, soybeans, cotton, and peanuts, we used 2020 

Enterprise Budgets provided by the ACES. The net profits per acre and yield goals are 

displayed in Table D-8 below. Full budgets used for this analysis are included in Appendix 

D.1 Section 5.1. Irrigation investment costs were removed from each budget because they 
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were accounted for in the cost section of the analysis. The 5-year average Alabama 

commodity prices in Table D-9 were used to calculate revenues. 

 

Table D-8. Irrigated vs Non-Irrigated Comparison of Net Profits per Acre (Excluding 

Irrigation Investment Costs) 

 Corn (bushels) Soybeans (bushels) Cotton (pounds) Peanuts (pounds) 

 Irrigated Non-Irr Irrigated Non-Irr Irrigated Non-Irr Irrigated Non-Irr 

Yield 

Goal/Acre 

250 bu 120 bu 60 bu 45 bu 1,300 lbs 800 lbs 5,000 lbs 3,000 lbs 

Net 

Profits/Acre 

$90.28 $3.18 $55.73 $26.30 $86.91 $119.78 $151.49 $57.96 
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Table D-9. Average Commodity Prices in Alabama by Year 

Year Corn ($) Soybean ($) Cotton ($) Peanuts ($) 

2015 3.74 8.95 0.683 0.178 

2016 3.63 9.83 0.710 0.197 

2017 4.04 9.43 0.729 0.221 

2018 4.11 8.50 0.730 0.208 

2019 4.20 9.25 0.640 0.185 

5-Year Average 3.94 9.19 0.698 0.198 

Source: USDA NASS 

 

 

The differences between irrigated and non-irrigated yields (Figure D-6) and profits per acre 

were used to calculate an average damage reduction benefit per acre. Those differences were 

weighted by the approximate proportion of total acreage for each basic crop within the basin 

from the 2019 USDA CropScape Data Layer. As seen in Table D-10, an average damage 

reduction benefit from irrigation was calculated at $186.45 per irrigated acre.  

 

As stated earlier, an increase of 4,200 irrigated acres/year was assumed for four years. This 

results in an average annual damage reduction benefit of $4 million associated with irrigation 

investment, along with a substantial benefit attributed to increases in crop yields, thereby 

reducing damage to the resources of concern.  
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Table D-10. Proportional Average Damage Reduction Benefits Per Acre 

 

Crop Approximate 

Proportion of Acreage 

in Basin 

Difference Irrigated 

and Non-irrigated 

Yields/Acre 

Difference Irrigated 

and Non-irrigated 

Profits/Acre 

Total Damage 

Reduction in 

Yields 

Weighted 

Profits/Acre 

Corn 12% 130 bu $87.10 130 bu/acre $10.61 

Soybeans 4% 15 bu $29.43 15 bu/acre $1.11 

Cotton 47% 500 lbs $206.69 500 lbs/acre $97.12 

Peanuts 37% 2,000 lbs $209.45 2,000 lbs/acre $77.60 

Total Average Damage Reduction Benefit/Acre $186.45 
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Figure D-6: Historical Irrigated and Non-irrigated Corn Yields for Headland, AL (1951 – 

2006)  

While not a primary focus of the project, the economic resources required to continue rainfed 

farming eventually leads to a “break-even” or even loss. This results in an economic drain on 

the community and region (Figure D-7).  
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Figure D-7: Historical Profits per Acre for Irrigated and Non-irrigated Corn for Headland, AL 

(1951 – 2006) 

 

 

3.1.2. Offsite Damage Reduction Benefits 

The value of positive externalities were calculated as offsite benefits of the project and 

included in the damage reduction benefits. We include reductions in carbon dioxide 

emissions and nitrogen loss to waterways as offsite benefits. 

Carbon dioxide 

Net public benefits were determined from increases in in-field soil organic carbon (SOC) that 

translate to carbon dioxide emission reductions through carbon sequestration. We only 

consider the effects of SOC increases on carbon dioxide emissions, and do not attempt to 

quantify the on-site benefits of increased SOC (although they are positive). Unpublished 

research by Auburn University at the Wiregrass Research and Extension Center in Headland, 

AL (located just outside of the Choc-Pea Basin, similar soils and climate) noted a significant 

effect of irrigation coupled with crop rotations on SOC concentration with irrigated plots 

having relatively 37% more SOC than rainfed plots, 5.41 g kg-1 and 3.95 g kg-1, respectively 

(Shaw et al., 2006) in the top 50 cm. This difference was attributed to the increase in biomass 
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associated with irrigation, and the estimated reduction in carbon emissions amounts to 0.44 

metric tons per irrigated acre. 

The economic value of carbon dioxide emission reductions was converted into a dollar figure 

assuming a $12 per metric ton social cost of carbon in 2020, determined assuming a 

conservative 5% discount rate (Nordhaus, 2017; EPA, 2013). Thus, a conservative estimate 

of carbon emission reduction is $5.32 per acre annually. 

Nitrogen 

Based on research from UAH, we assume that 8 kg/ha less nitrogen is exported from irrigated 

fields than rainfed fields during a dry year and 1.2 kg/ha less during a wet year. We take the 

average of these values, implicitly assuming one out of every two years is a dry year, 

obtaining a nitrogen loss reduction of 4.1 lb per acre. A value of $3.13 per lb nitrogen is 

assumed (Ribaudo et al. 2014), implying an estimate of $12.79 per acre of benefits from 

nitrogen pollution mitigation
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3.1.2.2. Impact of irrigation on nutrient export 

Research points toward the benefit of irrigation on a critical non-point source of nutrient 

pollution in surface and ground water (see Ellenburg, 2011 for a review). Under rainfed 

condition during a drought, crops do not develop fully and much of the applied fertilizer 

remains until fall/winter rains wash the residual fertilizer into nearby waterways. When 

irrigated, crops develop and utilize applied fertilizers and little or no residual fertilizer 

remains to be a source of pollution. The following graphs (Figure D-8) show the difference 

between rainfed and irrigated export during a dry year (2010) and a relatively wet year 

(2011). During a relatively wet year, the nutrient export is almost even for both rainfed and 

irrigated crops, but the yields are still greater for the irrigated field. It should also be noted 

that the irrigated treatments include a higher fertilizer application rate and a higher seed 

planting density rate. Even during the relatively wet growing season, the irrigated fields 

produce more biomass while making less nitrogen available for export. 

 

 

Figure D-8: 2010 and 2011 Nutrient Export Comparison 
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Using the research to quantify the potential difference between surface nutrient export for irrigated 

versus rainfed fields equates to about 8 kg/ha difference during relatively dry growing seasons and 

about 1.2 kg/ha difference during relatively wet growing seasons (Table 11). This is 1.2 kg/ha less 

nutrient runoff in the irrigated field. So even during adequate rainfall, irrigation allows the nutrients to 

be watered into the soil and made less available for export to surface water bodies. 

 

 

Table 11. Surface Nitrogen Export 
 Surface N Export (kg/ha) 

2010 2011 

Trt # Irrigated Rainfed Irrigated Rainfed 

1 33.8 33.45 42.01 41.73 

2 23.32 23.93 23.55 23.26 

3 19.61 20.69 16.44 16.79 

4 47.02 59.83 60.51 60.21 

5 31.51 45.37 32.79 33.36 

6 26.61 40.79 23.61 25.69 

7 60.08 73.57 79.04 78.65 

8 39.51 54.36 41.68 44.02 

9 31.62 47.085 26.83 31.81 

10 73.12 87.4 97.07 97.06 

11 47.58 63.58 50.92 54.85 

12 38.84 55.55 34.42 41.28 

13 8.1 6.88 6.72 6.55 

14 17.72 16.2 23.53 23.78 

15 12.59 11.34 14.48 14.31 
16 11.11 9.93 6.74 6.46 

Mean  32.63 40.62 36.27 37.49 

 

3.1.2.3. Soil resource benefit 

Soil health is improved through an increase in soil organic content. Analysis shows that 

irrigated cropland produces more organic matter that is incorporated back into the soil 

(Figure D-24 in Appendix D.2 Section 4). This increase in organic content also promotes 

higher yields and reduces water requirements through improved water-holding conditions in 

the soil. 
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4. Regional Economic Development  

We calculate Regional Economic Development (RED) benefits following the NRCS Water 

Resources Handbook for Economics section 611.0504. Agricultural multipliers express the amount 

of impact increases in agricultural income have on the regional economy. We use an agricultural 

multiplier from Haggblade, Hammer, and Hazell (1991). We use the multiplier 2.23 which is 

estimated for the state of Oklahoma and should be similar to Alabama given both are fairly rural. 

This multiplier is estimated from a Semi-Input-Output model and accounts for effects from 

interindustry linkages and increases in local income that increases demand for goods and 

services. We multiply the NED net benefit (average annual equivalent) of $623,301 by the multiplier 

of 2.23 to get an average annual RED net benefit of $1,389,961. 
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5. NED Appendix  

5.1. Supplementary Tables  

Table D-12. Irrigated Corn Enterprise Budget, 2020$ 
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Table D-13. Non-Irrigated Corn Enterprise Budget, 2020$ 
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Table D-14. Irrigated Cotton Enterprise Budget, 2020$ 
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Table D-15. Non-irrigated Cotton Enterprise Budget, 2020$ 
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Table D-16. Irrigated Soybeans Enterprise Budget, 2020$ 
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Table D-17. Non-Irrigated Soybean Enterprise Budget, 2020$ 
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Table D-18. Irrigated Peanut Enterprise Budget, 2020$ 
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Table D-19. Non-irrigated Peanut Enterprise Budget, 2020$ 
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D.2 Natural Resources Models and Results  
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1. Data Layers and GIS Model  

Working with the NWMC to distinguish an ideal/feasible watershed for the development of the PL-

566 project, a recommended outline of data layers was identified. Sources for these data layers were 

then identified and acquired during the completion of a Statewide Resource Assessment. Table D-20 

presents the list of these SRA data layers and identified sources. In some cases, data sources were 

modified and updated over the course of the project. As information was presented to the steering 

committee, source organizations provided updated or preferred data. 

 

 

Table D-20. List of SRA Data Layers and Identified Sources  
 

Chapter Data Layer Sources 
 

1 
 

Soils 
Soil Survey Staff. The Gridded Soil Survey Geographic (gSSURGO) 
Database for Alabama. United States Department of Agriculture, 

Natural Resources Conservation Service. Available online at 
https://gdg.sc.egov.usda.gov/ FY2015 official release. 

 
2 

 
ADEM/Water Quality 

Alabama’s 2018 303(d) List provided directly by Chris Johnson, 
Water Quality Branch Chief. Also using SPARROW model as a 

baseline fertilizer loading for each HUC8 
(https://water.usgs.gov/nawqa/sparrow/sparrow-mod.html). 

 
 

3 

 
Cropping Information by 

Field 

Alabama Irrigation Initiative data. USDA National Agricultural 
Statistics Service Cropland Data Layer. 2017 Published crop-

specific data layer [Online]. Available at 
https://nassgeodata.gmu.edu/CropScape/. USDA-NASS, 

Washington, DC. 
 

4 
 

Land Use 
USDA National Agricultural Statistics Service Cropland Data 

Layer. 2017 Published crop-specific data layer [Online]. 
Available at https://nassgeodata.gmu.edu/CropScape/. USDA-

NASS Washington, DC. 
5 Survey Results https://www.agcensus.usda.gov/Publications/2012/Online_Res

ources/County_Profiles/Alabama/. 
6 Climate/Weather Alabama State Climate Office. 
 

7 
 

Surface Water 
2017 OWR Surface Water Assessment 

(http://adeca.alabama.gov/Divisions/owr/watermanagement/
Pages/Reports-and-information.aspx). 

 
8 

 
Ground Water 

2017 OWR Surface Water Assessment 
(http://adeca.alabama.gov/Divisions/owr/watermanagement/

Pages/Reports-and-information.aspx). Also well monitoring 
reports from the GSA . 

9 Environmental Justice 
Layer 

US Census Data 
(http://www.alabamaview.org/GISTigerfiles.php). 

 
10 

 
Cultural Resources 

Alabama Register of Landmarks & Heritage 
(http://www.arcgis.com/home/webmap/viewer.html?extent=-

92.1118%2C29.7817%2C-

http://www.alabamaview.org/GISTigerfiles.php
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Table D-20. List of SRA Data Layers and Identified Sources  
 

Chapter Data Layer Sources 
81.2628%2C35.4411&webmap=f516bf2b1a94408aa14eb25b54

787442). 
 

11 
 

T&E Species 
US Fish & Wildlife: Alabama Strategic Habitat Unit mapping data 

and Alabama T&E Species Table. Provided directly from Jeff 
Powell, Deputy Field Supervisor, AL Ecological Services Field 

Office. 
 Flood Maps for Watershed 

Areas 
Federal Emergency Management Agency 

(https://msc.fema.gov/). 
 Digital Elevation Model Slope is captured in the land capability class in SSURGO. 

12 Stakeholder Engagement Covered initially in the Survey results and more meetings to 
follow after the SRA is complete. 

 
 

13 

 
 

Ranking Tool 

Kao, Chiang. “Weight determination for consistently ranking 
alternatives in multiple criteria decision analysis.” Applied 

Mathematical Modelling 34, no. 7 (2010): 1779-1787. Chuang Y. -
C., C. -T. Chen, and C. Hwang, 2016: A simple and efficient real-
coded genetic algorithm for constrained optimization. Applied 

Soft Computing, 38, 87-105. 
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2. Water Quality  

2.1. Existing ADEM Watershed Management Plans  

Water management plans previously established in the project area by ADEM funded projects have 

been evaluated and reviewed as part of the water quality assessment as it relates to the intended 

actions of this project. The Hurricane Creek-Dowling Branch Sub Watershed Plan created by ADEM 

in 2008 provides information and recommendation regarding Dowling Branch in the Hurricane 

Creek Watershed within the larger Upper Choctawhatchee Watershed. Another watershed 

management plan already existing in the project area is the Choctawhatchee, Pea, and Yellow Rivers 

Watershed Management Plan (CPYRWMP) which provides information and recommendations about 

protection of resources within the Choctawhatchee, Pea, and Yellow River watersheds. Both plans 

provided information that was used in addressing potential concerns that may affect impaired waters, 

TMDLs, or nonpoint source pollution. 

The intentions of this program are to support existing farmland and provide environmental benefits 

through sustainable irrigation expansion. Though some streams have pollution levels of concern that 

are identified in this Plan, the USDA-NRCS will adhere to ADEM’s NPS guidelines outlined in the 

above plans. Furthermore, in addition to requiring NRCS onsite EEs (Form CPA-52), this EA 

focuses on reducing damages to resources of concern by promoting sustainable levels of irrigation 

density and water use, while favoring voluntary farmer stewardship and current use of BMPs, and 

also requiring updated comprehensive nutrient management plans.  

 

2.2. SPARROW Modeling  

The Spatially Referenced Regression on Watershed attributes (SPARROW) models used in this EA 

were developed by the United States Geological Survey (USGS) to aid responsible authorities to 

model long-term water quality. The model set consists of flow, nitrogen, phosphorus, and sediment 

components. Models have been developed at the national, regional, and local spatial scales, and are 

widely employed by national, state, and local authorities to model the impacts of land use activities 

on resultant water quality for planning and TMDL purposes. 

SPARROW models are statistical regression models that are hybrid in nature as physical watershed 

processes are considered. Independent variables that are related to the particular dependent water 

quality variable under consideration are regressed using all available water quality data. For example, 

the nitrogen model consists of independent variables including atmospheric deposition, fertilizer, and 

manure applications. Variables can be either sources of nitrogen (such as those previously listed) or 

transport related such as decay coefficients and stream velocities. The resulting SPARROW model is 

a multi-variable regression equation. A watershed is discretized into stream reaches and contributing 

areas (average area approximately 4,000 km2), and the regression equation is used to predict the 

requisite dependent variable for each stream reach. 
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The SPARROW model was also used to evaluate the effect of increased irrigation on agricultural 

lands and the associated changes in fertilizer loads to estimate future TN loads for reaches in the 

Choc-Pea Basin. Two modeling scenarios were simulated based on the following assumptions: (1) 10 

percent of the total land area in each HUC will be irrigated to enhance agriculture; (2) Or, all existing 

agricultural land in the Choc-Pea will be irrigated to enhance agriculture. The SPARROW model 

results for each of the scenarios described above do result in increases of TN loads in the hydrologic 

system. However, the 10 percent of total land area scenario does not result in any additional reaches 

exceeding the recommended EPA benchmark (EPA, 2013). It is important to note that the EPA 

recommendations are used as a benchmark suggestion and are not regulations set by the state of 

Alabama. In scenario (1), all of the reaches that are above the recommended benchmark had baseline 

data that already exceeded that of the recommendation. In the irrigation of all existing agricultural 

land scenario, there are also branches that increase their TN loads significantly. However, the reaches 

that increase the most are the ones that already had baseline data above the benchmark. The 

Hurricane Creek and Barnes Creek reaches are estimated to approximately double their TN loads 

from 11 to 21 mg/L in the second scenario. In scenario (2), there is one additional reach that now 

exceeds the recommendation, which is the Lower Choctawhatchee River at 7.71 mg/L. The TN data 

for all of the reaches in the Choc-Pea Basin can be found in Table D-21.  

 

 

Table D-21. Nitrogen Concentrations of Choctawhatchee and Pea River Basin Reaches from 

the SPARROW Model 
 

*Reach Name Basin 

(km2) 
Mean Flow 

(cfs) 
Baseline 

(mg/L) 
10% of HUC 

(mg/L) 
All Ag. Land 

(mg/L) 

HURRICANE CR 141.16 24.16 10.89 13.11 21.46 

BARNES CR 41.09 10.00 10.74 12.45 21.36 

NEWTON CR 100.09 21.24 9.80 11.19 14.84 

LITTLE 

CHOCTAWHATCHEE R 
37.26 39.99 9.20 10.37 13.58 

BEAR CR 65.54 21.04 7.35 8.56 14.34 

PATES CR 49.40 13.33 6.44 7.58 12.37 

LITTLE 

CHOCTAWHATCHEE R 
138.90 80.81 6.29 7.23 10.75 

LITTLE 

CHOCTAWHATCHEE R 
67.91 13.75 4.46 5.50 7.71 
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Table D-21. Nitrogen Concentrations of Choctawhatchee and Pea River Basin Reaches from 

the SPARROW Model 
 

*Reach Name Basin 

(km2) 
Mean Flow 

(cfs) 
Baseline 

(mg/L) 
10% of HUC 

(mg/L) 
All Ag. Land 

(mg/L) 

HURRICANE CR 72.74 15.20 4.32 5.30 5.60 

SKIES CR 94.07 24.79 3.87 4.59 5.96 

BELL CR 45.75 14.79 3.70 4.37 6.97 

WILKESON CR 21.16 35.20 3.13 3.71 5.99 

BLACKWOOD CR 116.47 42.21 3.11 3.69 6.33 

WALNUT CR 119.99 57.41 2.95 3.46 3.96 

HARRAND CR 52.69 18.33 2.89 3.46 3.87 

SPRING CR 131.40 109.41 2.75 3.30 5.43 

CHOCTAWHATCHEE R, E 

FK 
164.93 69.07 2.44 2.92 3.84 

JUDY CR 133.20 24.58 2.38 3.41 3.90 

BEAR CR 91.16 22.70 2.33 3.11 3.63 

WILKESON CR 27.51 15.41 2.26 2.62 4.31 

STEEP HEAD CR 33.48 9.37 2.23 3.01 4.01 

CHOCTAWHATCHEE R 118.49 1,060.24 1.84 2.28 3.32 

DOUBLE BRIDGES CR 81.95 268.81 1.83 2.01 2.47 

BIG CR 79.58 37.22 1.81 2.26 2.71 

CHOCTAWHATCHEE R 6.45 821.12 1.78 2.21 3.17 

WHITEWATER CR 6.52 119.65 1.77 2.17 2.63 

MIMS CR 45.92 26.05 1.76 2.17 3.00 

BEAR CR 92.97 22.29 1.73 2.54 3.12 

PEA CR 144.90 107.05 1.67 2.13 2.49 
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Table D-21. Nitrogen Concentrations of Choctawhatchee and Pea River Basin Reaches from 

the SPARROW Model 
 

*Reach Name Basin 

(km2) 
Mean Flow 

(cfs) 
Baseline 

(mg/L) 
10% of HUC 

(mg/L) 
All Ag. Land 

(mg/L) 

CHOCTAWHATCHEE R 8.46 1,016.49 1.63 2.02 2.89 

CLAYBANK CR 93.96 22.29 1.62 2.44 2.92 

JUDY CR 86.01 67.07 1.59 2.31 2.63 

SILERS CR 104.12 60.79 1.59 2.27 2.97 

LITTLE JUDY CR 78.00 28.95 1.58 2.08 2.53 

CHOCTAWHATCHEE R 1.14 1,665.76 1.58 1.92 2.76 

CHOCTAWHATCHEE R 17.52 976.50 1.57 1.96 2.78 

CHOCTAWHATCHEE R 9.75 795.71 1.52 1.89 2.64 

CHOCTAWHATCHEE R 30.07 776.76 1.51 1.89 2.61 

CHOCTAWHATCHEE R, W 

FK 
86.62 51.02 1.51 1.88 2.26 

PEA CR 74.80 37.22 1.47 1.89 2.19 

CHOCTAWHATCHEE R, W 

FK 
27.30 187.17 1.44 1.77 2.20 

CHOCTAWHATCHEE R, E 

FK 
125.34 138.56 1.42 1.86 2.30 

DOUBLE BRIDGES CR 23.81 434.81 1.41 1.59 2.11 

SILERS CR 85.16 128.82 1.41 2.02 2.59 

CLAYBANK CR 146.74 147.04 1.41 1.82 2.36 

WHITEWATER CR 183.30 224.83 1.39 1.91 2.24 

CLEARWATER CR 57.88 41.97 1.37 1.72 2.65 

SANDY CR 68.40 103.97 1.37 1.69 2.69 

LINDSEY CR 104.65 72.58 1.36 1.66 2.05 
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Table D-21. Nitrogen Concentrations of Choctawhatchee and Pea River Basin Reaches from 

the SPARROW Model 
 

*Reach Name Basin 

(km2) 
Mean Flow 

(cfs) 
Baseline 

(mg/L) 
10% of HUC 

(mg/L) 
All Ag. Land 

(mg/L) 

CHOCTAWHATCHEE R, E 

FK 
89.46 330.29 1.36 1.74 2.54 

CHOCTAWHATCHEE R, W 

FK 
54.87 153.22 1.29 1.57 1.95 

BLUFF CR 29.02 29.43 1.25 1.60 2.47 

FLAT CR 132.58 129.57 1.25 1.66 2.40 

BOWLES CR 76.28 18.54 1.23 1.98 1.98 

RICHLAND CR 131.37 52.57 1.22 1.72 2.30 

HOLLY MILL CR 59.46 55.84 1.20 1.43 2.27 

CHOCTAWHATCHEE R 21.86 650.75 1.18 1.55 2.08 

CHOCTAWHATCHEE R, W 

FK 
93.86 232.99 1.18 1.52 1.83 

BIG CR 11.53 414.92 1.16 1.63 1.96 

DOUBLE BRIDGES CR 57.65 599.87 1.14 1.32 1.81 

CHOCTAWHATCHEE R, W 

FK 
68.51 314.01 1.12 1.51 1.81 

CHOCTAWHATCHEE R 39.71 4,630.60 1.10 1.41 1.98 

CHOCTAWHATCHEE R, E 

FK 
55.07 184.60 1.10 1.48 1.80 

STEEP HEAD CR 56.86 39.99 1.07 1.61 1.77 

SILERS CR 17.04 179.96 1.06 1.53 1.91 

DOUBLE BRIDGES CR 102.60 110.35 1.06 1.27 1.76 

CHOCTAWHATCHEE R, E 

FK 
139.23 275.41 1.00 1.34 1.77 
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Table D-21. Nitrogen Concentrations of Choctawhatchee and Pea River Basin Reaches from 

the SPARROW Model 
 

*Reach Name Basin 

(km2) 
Mean Flow 

(cfs) 
Baseline 

(mg/L) 
10% of HUC 

(mg/L) 
All Ag. Land 

(mg/L) 

BIG CR 9.22 477.64 0.98 1.38 1.65 

HAYS CR 44.75 42.87 0.98 1.21 1.83 

TIGHT EYE CR 111.23 130.16 0.95 1.15 1.80 

PAGES CR 32.41 38.36 0.95 1.14 1.82 

WHITEWATER CR 85.52 54.04 0.92 1.26 1.78 

TENMILE CR 126.34 147.61 0.91 1.31 1.94 

LITTLE DOUBLE BRIDGES 

CR 
62.21 72.63 0.90 1.10 1.69 

BUCKHORN CR 121.76 56.02 0.89 1.33 1.67 

BUCKS MILL CR 80.67 54.71 0.88 1.20 1.57 

WRIGHTS CR 104.49 497.66 0.87 1.21 1.81 

PINEY WOODS CR 51.73 33.68 0.86 1.20 1.37 

STINKING CR 51.58 29.55 0.86 1.23 1.23 

CHOCTAWHATCHEE R 58.22 7,270.79 0.85 1.13 1.57 

CLAYBANK CR 50.95 57.28 0.82 1.22 1.44 

CHOCTAWHATCHEE R 51.84 7,529.26 0.82 1.09 1.51 

PEA R 109.42 1,781.99 0.81 1.09 1.43 

CLAYBANK CR 9.93 102.68 0.80 1.19 1.36 

BEAVERDAM CR 67.10 83.94 0.78 0.97 1.50 

PEA R 48.05 2,780.93 0.77 1.06 1.41 

PEA R 113.13 1,593.31 0.77 1.06 1.34 

PEA R 252.46 2,576.01 0.76 1.05 1.38 
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Table D-21. Nitrogen Concentrations of Choctawhatchee and Pea River Basin Reaches from 

the SPARROW Model 
 

*Reach Name Basin 

(km2) 
Mean Flow 

(cfs) 
Baseline 

(mg/L) 
10% of HUC 

(mg/L) 
All Ag. Land 

(mg/L) 

PEA R 0.36 488.08 0.75 1.04 1.23 

PEA R 87.32 572.87 0.73 1.01 1.23 

BOWDEN MILL CR 49.07 33.38 0.72 1.04 1.36 

PEA R 150.90 53.34 0.72 1.30 1.66 

PEA R 1.58 1,495.16 0.72 1.00 1.23 

PEA R 32.98 1,447.78 0.71 1.00 1.22 

PEA R 3.71 1,284.65 0.70 0.99 1.19 

PEA R 63.63 1,372.76 0.69 0.98 1.18 

PEA R 30.93 382.56 0.69 0.99 1.14 

PEA R 59.48 633.80 0.68 0.95 1.17 

PEA R 10.40 449.32 0.67 0.96 1.13 

FLAT CR 18.72 310.94 0.65 0.88 1.23 

POOR CR 52.84 41.35 0.64 0.92 1.23 

EIGHTMILE CR 302.38 239.94 0.64 0.93 1.23 

PEA R 152.89 732.70 0.64 0.89 1.11 

PEA CR 58.64 33.77 0.63 0.93 0.93 

BEAVER DAM 80.57 53.07 0.59 0.91 1.00 

FLAT CR 16.24 598.87 0.59 0.82 1.12 

PEA R 95.43 803.63 0.54 0.75 0.93 

PEA R 2.25 87.10 0.48 0.89 1.10 

PANTHER CR 84.26 104.59 0.39 0.60 0.71 
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Table D-21. Nitrogen Concentrations of Choctawhatchee and Pea River Basin Reaches from 

the SPARROW Model 
 

*Reach Name Basin 

(km2) 
Mean Flow 

(cfs) 
Baseline 

(mg/L) 
10% of HUC 

(mg/L) 
All Ag. Land 

(mg/L) 

PEA R 4.38 143.51 0.38 0.71 0.88 

PEA R 79.11 197.23 0.38 0.67 0.78 

PEA R 54.14 258.62 0.36 0.62 0.70 

PEROTE CR 65.67 32.62 0.34 0.59 0.59 

PEA CR 63.14 47.76 0.33 0.51 0.51 

LITTLE INDIAN CR 67.46 47.96 0.32 0.61 0.78 

PANTHER CR 26.00 26.86 0.26 0.42 0.42 

BIG SANDY CR 46.96 35.68 0.24 0.46 0.46 

SPRING CR ALT 29.42 28.39 0.21 0.44 0.45 

RED OAK CR 14.04 22.68 0.16 0.23 0.23 

 

 

The southeast portion of the Choc-Pea contains the reaches with the highest existing TN 

concentrations in the East and West Forks of the Choctawhatchee River including portions of Dale 

and Geneva counties (Figure D-9). These higher concentrations may be attributed to the urbanizing 

areas found within this portion of the Choc-Pea. While a few other HUC-12 regions show streams 

with TN concentrations between the EPA recommended guidelines (EPA, 2013), most of the Choc-

Pea Basin has a TN concentration less than 2 mg/L. For the 10 percent of HUC land area irrigation 

simulation, more reaches and associated sub watersheds along the Pea River, Pea Creek and the 

northern segment of the West Choctawhatchee River move into the EPA recommended guidelines 

for TN (Figure D-10). The simulation that assumed all existing agricultural land would be irrigated 

has the most effect of TN concentrations. Additional reaches and tributaries of the Choctawhatchee 

and Pea Rivers exceed 6 mg/L TN and additional reaches in the northeast and northwest areas of the 

Choc-Pea Watershed move into the EPA recommended guidelines (Figure D-11). 
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Figure D-9: Baseline or Existing TN Concentrations for Reaches Aggregated to the HUC-12 

Level 
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Figure D-10: TN Concentrations for the 10 Percent of HUC Scenario Aggregated for Reaches 

to the HUC-12 Level 
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Figure D-11: TN Concentrations for all Agricultural Land Scenario Aggregated for Reaches to 

the HUC-12 Level 
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3. Water Quantity  

According to the USGS and OWR assessment, irrigation withdrawals in the basin are from both 

surface water and groundwater sources. The exact breakdown of surface and groundwater use varies 

for each of the HUC-8 Watersheds as follows in Table D-22: 

Table D-22. Agriculture Water Use for the Choc-Pea Basin  

HUC-8 Watershed Agriculture - Surface Water Agriculture - Groundwater 

Upper Choctawhatchee 75% 25% 

Lower Choctawhatchee 52% 48% 

Pea 65% 35% 

Average 64% 36% 

 

Water quantity was analyzed for the entire basin using multiple methods. Extensive modeling at the 

HUC-8 watershed level was conducted using the WaSSI in conjunction with the DSSAT/GriDSSAT 

crop model. In addition to the WaSSI model, the tributaries within the basin were analyzed for 

runoff. Finally, the “irrigation density” analysis is used as a proxy to protect the smaller watersheds 

(HUC-12). Promoting expanded irrigation in HUC-12s that have less than 10 percent of the overall 

drainage areas as irrigated acres is recommended to protect local water supplies and existing 

irrigation investments. This is to further ensure impacts to local water resources are negligible to 

minor in intensity. Using these criteria, there is approximately 168,975 irrigated acre potential in the 

basin. Using the USGS data, this would equate to 108,144 surface water supplied acres and 60,831 

groundwater supplied acres.  

Groundwater and aquifers were analyzed using available information from both the Alabama Office 

of Water Resources and Geological Survey of Alabama. Further analysis was done to detail aquifer 

production areas as well as existing wells. This was completed to mitigate any potential impact to 

current groundwater users.   

3.1. HUC-12 Irrigation Density Analysis (i.e. Sensitivity Analysis)  

Due to the area of the basin and volume of water involved, the major concern is not about overall 

water supply but rather agricultural withdrawals on smaller tributaries where the withdrawals would 

represent a much larger fraction of the total flow. There are 111 HUC-12 watersheds in the basin and 

streamflow data is not available for all the potential project sites. To address this issue, irrigated 

acreage density (acres of irrigation as a ratio of total/HUC-12 acreage) has been mapped to the HUC-

12 maps of the area. Any watershed where the irrigated acreage density exceeds 10 percent may be 

considered less than desirable for expanding irrigation using surface water supplies. This guideline is 

based on statewide modeling and research efforts (Srivastava et al., 2010). Using this guideline, 
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assuming only dry agricultural land be converted to irrigated land and that irrigation expands 

uniformly across the HUC-12 watersheds, it is feasible to sustainably irrigate approximately 168,975 

additional acres in the basin (see Table D-23 below). At this level, the impact to total surface water 

resources would be minor. This is considered a conservative threshold on irrigation expansion and 

does not incorporate the additional acreage expansion that could sustainably occur with groundwater, 

storage, or other mitigation practices. 
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Table D-23. HUC-12 Irrigation Density Acreage Analysis 
HUC-12 HUC-12 Name HUC-12 

Area (ac) 

Ag Land 

(ac) 

Irrigated 

Ag Land 

(ac) 

Percent 

Area 

Irrigated 

10% of 

Total 

Area 

Potential for 

Future 

Irrigated Ag 

Land (ac) 

31402020409 Pea Creek-

Whitewater 

Creek 

20,668 1,431 0 0.00% 2,067 1,431 

31402020501 Bowden Mill 

Creek 

11,886 2,155 0 0.00% 1,189 1,189 

31402020502 Danner Creek 23,661 3,956 0 0.00% 2,366 2,366 

31402020503 Clearwater Creek 14,224 4,857 237 1.67% 1,422 1,185 

31402020504 Huckleberry 

Creek 

13,045 3,497 777 5.96% 1,305 527 

31402020505 Turner Creek – 

Halls Creek 

15,428 3,087 141 0.91% 1,543 1,402 

31402020506 Cardwell Creek 25,927 2,378 111 0.43% 2,593 2,267 

31402020507 Harpers Mill 

Creek 

23,207 2,446 94 0.41% 2,321 2,227 

31402020601 Beaver Dam 

Creek 

19,234 2,066 16 0.08% 1,923 1,907 

31402020602 Bucks Mill Creek 19,939 3,832 101 0.50% 1,994 1,893 

31402020603 Helms Mill Creek 17,332 1,547 0 0.00% 1,733 1,547 

31402020604 Hays Creek 10,850 3,667 16 0.15% 1,085 1,069 

31402020605 Kimmy Creek 8,344 3,088 0 0.00% 834 834 

31402020606 Pages Creek 9,478 4,246 64 0.68% 948 884 

31402020607 Caney Branch – 

Cripple Creek 

12,521 5,804 117 0.94% 1,252 1,135 

31402020608 Holley Mill Creek 14,414 6,685 606 4.20% 1,441 835 

31402020609 Bear Branch 14,389 5,188 819 5.69% 1,439 620 

31402020610 Samson Branch 24,554 8,817 1,585 6.46% 2,455 870 

31402020701 Cowhead Creek-

Panther Creek 

20,149 2,239 30 0.15% 2,015 1,985 

31402020103 Hurricane Creek-

Pea Creek 

13,010 2,336 0 0.00% 1,301 1,301 

31402020104 Pea Creek 22,825 3,634 203 0.89% 2,283 2,080 

31402020201 Johnson Creek-

Headwaters Pea 

River 

27,369 2,941 280 1.02% 2,737 2,457 

31402020202 Fishers lake-

Spring Creek 

7,094 673 0 0.00% 709 673 
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Table D-23. HUC-12 Irrigation Density Acreage Analysis 
HUC-12 HUC-12 Name HUC-12 

Area (ac) 

Ag Land 

(ac) 

Irrigated 

Ag Land 

(ac) 

Percent 

Area 

Irrigated 

10% of 

Total 

Area 

Potential for 

Future 

Irrigated Ag 

Land (ac) 

31402020203 Little Indian 

Creek 

14,416 1,182 0 0.00% 1,442 1,182 

31402020204 Big Sandy Creek 11,577 525 0 0.00% 1,158 525 

31402020205 Dry Creek-Pea 

River 

27,519 2,918 622 2.26% 2,752 2,130 

31402020206 Double Creek 16,052 618 0 0.00% 1,605 618 

31402020207 Conners Creek 19,702 1,748 19 0.10% 1,970 1,729 

31402020301 Buckhorn Creek 37,884 6,401 282 0.74% 3,788 3,507 

31402020302 Sand Creek 19,696 3,256 117 0.59% 1,970 1,853 

31402020303 Richland Creek 34,571 6,384 212 0.61% 3,457 3,245 

31402020401 Persimmon 

Branch-Walnut 

Creek 

28,096 4,635 266 0.95% 2,810 2,543 

31402020402 Beaver Pond 

Branch 

20,608 4,749 0 0.00% 2,061 2,061 

31402020403 Mims Creek 32,506 5,694 0 0.00% 3,251 3,251 

31402020404 Silers Mill Creek 7,020 2,291 0 0.00% 702 702 

31402020405 Smart Branck-Big 

Creek 

25,704 4,525 328 1.28% 2,570 2,242 

31402020406 Stinking Creek-

Bluff Creek 

14,370 570 16 0.11% 1,437 554 

31402020407 Sweetwater 

Creek-Big Creek 

25,157 3,410 39 0.15% 2,516 2,477 

31402020408 Jump Creek 28,337 3,180 0 0.00% 2,834 2,834 

31402020702 Shotbag Creek-

Flat Creek 

37,402 11,000 398 1.06% 3,740 3,342 

31402020101 Stinking Creek 12,808 1,073 32 0.25% 1,281 1,041 

31402020102 Williams Mill 

Branch 

18,648 2,290 309 1.66% 1,865 1,556 

31402020905 Sandy Creek 19,574 6,370 272 1.39% 1,957 1,686 

31402020906 Limestone 

Branch-Pea River 

12,062 2,511 0 0.00% 1,206 1,206 

31402020903 Limestone Creek 1,733 433 0 0.00% 173 173 

31402020904 Hurricane Creek-

Pea River 

4,405 309 0 0.00% 440 309 

31402020802 Corner Creek 33,385 7,031 95 0.28% 3,338 3,244 

31402020803 Lower Eightmile 

Creek 

18,274 4,568 213 1.16% 1,827 1,615 
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Table D-23. HUC-12 Irrigation Density Acreage Analysis 
HUC-12 HUC-12 Name HUC-12 

Area (ac) 

Ag Land 

(ac) 

Irrigated 

Ag Land 

(ac) 

Percent 

Area 

Irrigated 

10% of 

Total 

Area 

Potential for 

Future 

Irrigated Ag 

Land (ac) 

31402020901 Gin Creek-Pea 

River 

10,924 1,179 0 0.00% 1,092 1,092 

31402010101 Headwaters East 

Fork 

Choctawhatchee 

River 

19,913 5,137 593 2.98% 1,991 1,399 

31402010102 Little Piney 

Woods Creek-

Piney Woods 

Creek 

12,589 1,947 0 0.00% 1,259 1,259 

31402010103 Hamm Creek-

Beaver Creek 

20,984 5,673 0 0.00% 2,098 2,098 

31402010104 Cowpens Creek-

Indian Creek 

17,313 1,885 0 0.00% 1,731 1,731 

31402010201 Jack Creek 22,475 1,312 0 0.00% 2,247 1,312 

31402010202 Poor Creek 13,277 1,939 12 0.09% 1,328 1,316 

31402010203 Peebles Mill 

Creek-Panther 

Creek 

11,982 1,582 0 0.00% 1,198 1,198 

31402010204 Riley Creek 19,314 5,131 18 0.09% 1,931 1,913 

31402010205 Little Blackwood 

Creek 

17,516 10,975 968 5.53% 1,752 784 

31402010303 Middle Judy 

Creek 

18,627 1,662 0 0.00% 1,863 1,662 

31402010304 Lower Judy 

Creek 

22,556 2,176 80 0.35% 2,256 2,096 

31402010401 Mill Branch-

Lindsey Creek 

25,787 4,992 352 1.36% 2,579 2,227 

31402010402 Headwaters West 

Fork 

Choctawhatchee 

River 

21,295 3,667 138 0.65% 2,130 1,992 

31402010403 Sikes Creek 23,200 6,187 102 0.44% 2,320 2,218 

31402010404 Upper West Fork 

Choctawhatchee 

River 

13,940 3,509 0 0.00% 1,394 1,394 

31402010405 Hopn Branch-

Bear Creek 

22,460 3,314 0 0.00% 2,246 2,246 
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Table D-23. HUC-12 Irrigation Density Acreage Analysis 
HUC-12 HUC-12 Name HUC-12 

Area (ac) 

Ag Land 

(ac) 

Irrigated 

Ag Land 

(ac) 

Percent 

Area 

Irrigated 

10% of 

Total 

Area 

Potential for 

Future 

Irrigated Ag 

Land (ac) 

31402010206 Dunham Creek 10,818 4,600 546 5.04% 1,082 536 

31402010207 Turkey Creek-

Choctawhatchee 

River 

14,264 4,817 319 2.23% 1,426 1,108 

31402010208 Outlet East Fork 

Choctawhatchee 

River 

21,609 7,628 248 1.15% 2,161 1,913 

31402010301 Upper Judy Creek 14,300 2,189 0 0.00% 1,430 1,430 

31402010302 Little Judy Creek 19,339 3,379 0 0.00% 1,934 1,934 

31402010603 Brooking Mill 

Creek 

16,675 1,954 293 1.76% 1,668 1,375 

31402010604 Choctawhatchee 

Wells 

7,234 757 0 0.00% 723 723 

31402010701 Little Claybank 

Creek-Bear Creek 

23,105 3,087 102 0.44% 2,311 2,209 

31402010406 Middle West 

Fork 

Choctawhatchee 

River 

29,579 3,032 0 0.00% 2,958 2,958 

31402010407 Lower West Fork 

Choctawhatchee 

River 

15,979 2,751 0 0.00% 1,598 1,598 

31402010501 Newton Creek 25,494 8,559 68 0.26% 2,549 2,482 

31402010502 Sasser Branch-

Bear Creek 

16,049 8,603 61 0.38% 1,605 1,544 

31402010503 Murphy Mill 

Branch-Little 

Choctawhatchee 

River 

26,416 9,989 680 2.57% 2,642 1,962 

31402010504 Panther Creek-

Little 

Choctawhatchee 

River 

35,047 17,536 856 2.44% 3,505 2,649 

31402010601 Klondike Creek-

Hurricane Creek 

17,339 1,682 0 0.00% 1,734 1,682 

31402010602 Killebrew 

Factory Creek 

10,428 3,229 0 0.00% 1,043 1,043 
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Table D-23. HUC-12 Irrigation Density Acreage Analysis 
HUC-12 HUC-12 Name HUC-12 

Area (ac) 

Ag Land 

(ac) 

Irrigated 

Ag Land 

(ac) 

Percent 

Area 

Irrigated 

10% of 

Total 

Area 

Potential for 

Future 

Irrigated Ag 

Land (ac) 

31402011004 Cox Mill Creek-

Hurricane Creek 

15,706 6,520 324 

 

2.06% 1,571 1,247 

31402011101 Little Double 

Bridges Creek 

13,649 5,322 0 0.00% 1,365 1,365 

31402011102 Blanket Creek-

Double Bridges 

Creek 

26,982 8,077 44 0.16% 2,698 2,654 

31402011103 Tight Eye Creek 27,688 11,135 736 2.66% 2,769 2,033 

31402011104 Beargrass Creek 20,246 6,326 313 1.54% 2,025 1,712 

31402011105 Bushy Branch-

Double Bridges 

Creek 

16,505 6,082 673 4.08% 1,651 978 

31402011106 Long Branch-

Double Bridges 

Creek 

19,644 7,841 950 4.83% 1,964 1,015 

31402011201 Wilkerson Creek 23,185 11,217 772 3.33% 2,319 1,547 

31402011003 Sconyers Branch 10,045 2,260 0 0.00% 1,004 1,004 

31402011202 Campbell Mill 

Creek 

28,883 11,661 1,125 3.90% 2,886 1,761 

31402010802 Steep Head Creek 8,553 1,668 0 0.00% 855 855 

31402010803 Blacks Mill Creek 13,676 590 0 0.00% 1,368 590 

31402010901 Harrand Creek 13,139 1,737 0 0.00% 1,314 1,314 

31402010902 Little Cowpen 

Creek-Cowpen 

Creek 

9,047 2,315 46 0.50% 905 859 

31402010903 Middle Clay Bank 

Creek 

10,225 521 0 0.00% 1,023 521 

31402010904 Lower Clay Bank 

Creek 

23,062 7,064 406 1.76% 2,306 1,900 

31402011001 Pine Log Branch 19,564 7,872 245 1.25% 1,956 1,711 

31402011002 Pates Creek 12,093 5,809 371 3.07% 1,209 838 

31402011203 Rocky Creek-

Adams Creek 

19,325 7,040 467 2.41% 1,933 1,466 

31402010702 Headwaters Clay 

Bank Creek 

23,145 3270 235 1.01% 2,315 2,080 

31402010703 Upper Clay Bank 

Creek 

7,208 126 0 0.00% 721 126 

31402010801 Bowles Creek 18,933 1,694 0 0.00% 1,893 1,694 
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Table D-23. HUC-12 Irrigation Density Acreage Analysis 
HUC-12 HUC-12 Name HUC-12 

Area (ac) 

Ag Land 

(ac) 

Irrigated 

Ag Land 

(ac) 

Percent 

Area 

Irrigated 

10% of 

Total 

Area 

Potential for 

Future 

Irrigated Ag 

Land (ac) 

31402030101 Justice Mill Creek 9,165 5,489 565 6.17% 916 361 

31402030102 Upper Spring 

Creek 

10,809 4,066 478 4.42% 1,081 603 

31402030103 Spring Creek-

Choctawhatchee 

River 

14,162 4,494 271 1.91% 1,416 1,145 

31402030104 Parrot Creek 668 140 0 0.00% 67 67 

31402030105 East Pittman 

Creek-

Choctawhatchee 

River 

4,647 1,445 119 2.57% 465 345 

31402030201 Upper Wrights 

Creek 

22,331 9,475 160 0.72% 2,233 2,073 

31402030203 Tenmile Creek 7,198 2,353 17 0.24% 720 703 

31402030701 Big Branch-

Holmes Creek 

10,329 3,988 8 0.07% 1,033 1,025 

 Total 1,988,673 461,895 22,171 1.11% 198,867 168,975 
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3.2. Integrated Crop-Hydrology Model for the Choc-Pea Basin  

In order to evaluate the impacts that increased irrigation would have on the water resources of the 

basin, an integrated model of the hydrology and agricultural water demand is necessary. The Water 

Supply Stress Index (WaSSI) model developed by the Eastern Forest Environmental Threat 

Assessment Center of the USDA Forest Service (Sun et al., 2008; Caldwell et al., 2012) forms the 

hydrologic component of the coupled model. The Water Supply Stress Index is defined simply as the 

ratio of the total water demand for a period of time in a basin to the total water supply for that time 

(including return flows from all withdrawals).  

The WaSSI model is composed of a hydrologic model to compute the water supply term together 

with a module to estimate water demand for the HUC. The hydrologic model computes the water 

balance for each of ten land cover classes independently in each HUC watershed. Evapotranspiration 

(ET), infiltration, soil storage, snow accumulation and melt, surface runoff, and baseflow processes 

are calculated in each basin based on spatially explicit 2001 MODIS land cover, and discharge (Q) is 

instantaneously routed through the stream network from upstream to downstream watersheds. ET is 

estimated with an empirical equation based on multisite eddy covariance ET measurements using 

MODIS derived monthly leaf area index (LAI), potential ET (PEThamon), and precipitation (PPT) as 

independent variables (Sun et al., 2011). PET by Hamon's method is computed using only the 

daylight hours in the month (related to the mean latitude of the HUC) and the saturated vapor density 

computed from the mean monthly temperature (Hamon, 1963). Estimation of infiltration, soil 

storage, base flow and runoff are accomplished through algorithms from the Sacramento Soil 

Moisture Accounting Model. 

As originally constituted by the National Forest Service, the model did not include streamflow 

regulation by reservoirs. However, due to their ability to provide water yields to downstream HUCs, 

reservoirs are important in reflecting stress especially during the growing season.  Consequently, we 

have added all of the reservoirs in Alabama to the model. The regulation effects are simulated 

through the incorporation of the area-capacity and operating (rule) curve relationships for the 

reservoirs of significant size to impact streamflow at the 8-digit HUC level. Inflow to the reservoir is 

computed by the WaSSI hydrologic model and the resulting reservoir elevation is computed from the 

area-capacity relationship. The operating curve is then consulted to determine the desired elevation 

for the time of year and the required reservoir release is computed to bring the reservoir back to its 

desired elevation. 

The water demand component of the WaSSI model uses county-level 2010 annual U.S. Geological 

Survey (USGS) water demand and groundwater withdrawal estimates for eight water use sectors 

(Kenny et al., 2009). The sectors include domestic use, industrial demand, public needs, irrigation, 

mining, livestock, thermoelectric power, and aquaculture.  

In order to model the dynamic irrigation demand sector for WaSSI, a coupled model is necessary.  

The Decision Support System for Agrotechnology Transfer (DSSAT v4.5) model (Jones et al., 2003; 

Hoogenboom et al., 2010) is a framework for biophysical modeling that includes a suite of more than 

20 different cropping and fallow system models. DSSAT simulates crop growth and yield in response 

to management, climate, and soil conditions and requires a minimum set of inputs such as a variety 
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of weather, soil type and profile variables, cultivar specific parameters and field management 

strategies including planting dates, irrigation and fertilization. In use for over 25 years, this widely 

used crop model has been applied to predict crop yield and water use, to develop management 

strategies, and to study nitrogen cycling dynamics under many different soil and climate scenarios 

(Liu et al., 2011; Soler et al., 2011; Thornton at al., 2009; Soler et al., 2007; Yang et al., 2006; Jones 

et al., 2003). 

The DSSAT crop model was designed to analyze a wide variety of agricultural impacts, but was 

originally conceived for a point or field scale. A spatial model becomes necessary when analyzing 

water resources at the watershed, state, and regional level. Thus, the DSSAT system was configured 

to run in a gridded mode at a grid spacing of approximately 4.75 km. This gridded crop model is 

referred to as “GriDSSAT” (McNider et al., 2011). An input data file that defines the location, 

weather, cultivar soil type, and other input parameters for each grid cell was developed. A batch 

process then runs DSSAT for every point in the grid. GriDSSAT is configured to run in a real-time 

daily mode or in a historic weather data mode. Both modes require the model to process over 36,000 

points for every day in a growing season to cover most of the Southeastern region. 

In the broad geographic context of GriDSSAT, the selection of the cultivar is different than in a 

specific field mode. We must have cultivar characteristics which broadly mimic the type of cultivars 

that are employed across the region perhaps at the expense of the specific cultivar response at the 

field level. As such, an initial cultivar was developed in a field mode but one that had generic 

attributes of a broad range of cultivars. Next, a regional test of the cultivar was made at locations 

across a broad range of soils and weather. Finally, the model was evaluated against southeast 

regional NASS county level crop data. 

The cultivar-specific coefficients were modified by generalized likelihood uncertainty estimation 

(Beven and Binley, 1992) to determine a set of coefficients that reduced the difference between 

simulated and observed grain yield and anthesis date resulting in a best fit (lowest root mean square 

error (RMSE)) for the experimental corn cultivar used. 

The base cultivar used in GriDSSAT was calibrated against field trial yield data conducted at the 

Tennessee Valley Research and Extension Center (TVREC) located in BelleMina, Alabama -an 

agricultural experiment station operated by the Auburn University Agricultural Extension Service. 

Dynagrow 58K02 was selected as the TVREC target cultivar with six irrigating years (2004-2009) of 

data available (observed standard deviation = 159 kg/ha (20 bu/ac)). The Dynagrow 58K02 hybrid fit 

the overall corn average of the TVREC Variety Trials for both irrigated and rainfed trials well with a 

coefficient of determination of 0.9609 and an RMSE of 647 kg/ha (10 bu/ac, which represents eight 

percent of the mean). Crop management profiles were created for each of the six years of data from 

the Variety Trial report and the soil used a silty clay loam representative of the TVREC fields. A 

medium to full season default corn hybrid cultivar (McCurdy 84aa) was selected as the base cultivar 

for calibration as it was well suited to the area and has been used in previous studies in the 

Southeastern United States (Cabrera et al., 2007; Ma et al., 2006; 2009). The goal of the calibration 

process was to derive a set of parameters for the McCurdy 84aa cultivar that would best mimic the 

target (Dynagrow 58K02) cultivar. 
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The results of the DSSAT model calibration yield are shown in Figure D-12. The yield calibration 

resulted in a coefficient of determination of 0.7235 and an RMSE of 817 kg/ha (13 bu/ac, eight 

percent). The means for the observed and simulated grain weights were 10,184 kg/ha (161 bu/ac) and 

10,586 kg/ha (168 bu/ac) respectively. The higher variance in the observed data suggests water and 

nitrogen stressors were present in the irrigated trials. Cultivar coefficients are best calibrated under 

optimal growing conditions with no stress. However, considering the assumption of unequal 

variances, a t-test of the observed and simulated yields suggests that the difference of the means is 

not significant with a P-value of 0.532. 

 

 

Figure D-12: Cultivar Calibration Results for 2004-2009: DSSAT Simulated Yields Compared 

to Observed TVRC Variety Trial Yields of DynaGro 58K02 

3.3. Average Yields Simulation 

The next step was to evaluate the performance of the calibrated cultivar in simulating the overall 

yield averages in the region. To achieve this, 11 years (2000-2011) of Alabama Corn Hybrid Variety 

Trials from Auburn University Agricultural Extension Service’s TVREC, and the Sand Mountain 

Research and Extension Center (SMREC) at Crossville, AL were employed. Irrigated and rainfed 

trial averages were used from TVREC while only rainfed trials were available at SMREC. The 
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results of the evaluations can be seen in Figure D-13. The model performed well in simulating the 

measured regional variety trial averages. The coefficient of determination for the evaluation was 

0.7887 and a RMSE of 1,603 kg/ha (25 bu/ac, 19 percent). The regression slope was 0.9968 with an 

intercept of 848 kg/ha. 

 

 

Figure D-13: Cultivar Evaluation Results for 2000-2011: DSSAT Simulated Yields Compared 

to Observed TVRC and SMREC Variety Trial Average Yields 

We execute the model using irrigation demands supplied by GriDSSAT. Note that in the present 

version we are using corn as the surrogate crop for irrigation demand. This means that we assume all 

land defined by CropScape is currently in production for corn. Corn is used as a proxy for all 

irrigated crops because it usually requires the most water of all row crops grown in the Southeast.  

 

3.4. Hydrologic Modeling Methodology  

The WASSI model has been evaluated for all of the HUC-8 watersheds in Alabama, either using 

observed long-term gage data where available or the data contained in the AL Office of Water 
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Resources resource evaluation. Suitable gages for the Choctawhatchee exist near Bellwood, Alabama 

and Caryville, FL. The WASSI comparison to the monthly data at the gage is shown in Figure D-14 

and Figure D-15. 

 

Figure D-14: The WASSI Comparison to the Monthly Data at the Gage 

 

 

 

 

 

 



 

 

 

USDA-NRCS          Appendix - 93                                    February 2021 

 

 

Figure D-15: The WASSI Comparison to the Monthly Data at the Gage 

The effectiveness of hydrologic models is usually quantified through the model bias and a measure of 

model error known as the Nash-Sutcliffe Efficiency Statistic (R2NSE). The R2NSE is essentially a 

ratio of the model error to the variance of the observed data and thus serves to represent a measure of 

model variability compared to the variability of the observations. Some authors suggest that the 

R2NSE values as low as 0.50 are acceptable while a more common metric is the R2NSE greater than 

0.70. In our case, the R2NSE value is 0.78 and the model bias is 0.108. Thus, a bias of less than 10 

percent and a Nash-Sutcliffe value of greater than 0.70 would indicate a generally good fit to the 

streamflow observations. 
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3.5. Results of Choc-Pea WaSSI Modeling  

The coupled crop-hydrology model results are reported below. The results are based on data covering 

the “weather years” 1915 to 2011. This time period covers a wide variety of conditions that are 

representative of conditions that could be experienced in the future. 

3.5.1. Irrigation Demand  

The model provides irrigation demand over the region. Figure D-16 depicts long-term average 

monthly irrigation demand. 

 

Figure D-16: Irrigation Demand for the Choc-Pea Basin 

3.5.2. Model Irrigation Demand compared to OWR Assessment Data  

The “2017 Alabama Surface Water Assessment Report” provides a snapshot of monthly agricultural 

demand for 2010 and estimates the future demand in 2040. The data is reported at the HUC-8 

watershed scale within the state. Looking at current data from the three HUC-8 watersheds and 

comparing it with the model data provides confidence that the model is capturing most of the 

irrigation demand. Discrepancies are attributed to the fact that the assessment is only a snapshot of 

one year and a projection; it includes other water demands not modelled (like golf courses and 

livestock). Also, the model is based on a standard growing season where planting dates vary for 

multiple crops. Figures D-17, D-18, and D-19 include the assessment and model data for each 

watershed. 
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Figure D-17: Upper Choctawhatchee Irrigation Demand Model compared to OWR Assessment 

Data 

 

Figure D-18: Lower Choctawhatchee Irrigation Demand Model compared to OWR Assessment 

Data 
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Figure D-19: Pea Watershed 

 Irrigation Demand Model Compared to OWR Assessment Data 

 

3.5.3. Model Scenario Results  

The model is useful not only in understanding the current impact irrigation may have but in looking 

forward to understanding how irrigation growth may impact water resources. By expanding the acres 

irrigated in the model, water demand goes up. Increasing acreage to the 10 percent scenario as well 

as irrigating all agricultural land in the basin and reporting the results shows the relative impact 

increasing irrigation may potentially have on water resources. Figures D-20, D-21, and D-22 include 

the assessment and model data for each watershed under these scenarios. 
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Figure D-20: Upper Choctawhatchee- Irrigation Impact Scenarios 

 

Figure D-21: Lower Choctawhatchee- Irrigation Impact Scenarios 
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Figure D-22: Pea Watershed- Irrigation Impact Scenarios 

 

The model estimates increasing irrigated acreage by 10 percent in the watershed would increase the 

irrigation demand by about four millions of gallons per day (MGD) during the peak month. 

Increasing irrigated acreage by 25 percent would increase irrigation demand by about 10 MGD. This 

change in irrigation demand reduces overall flow out of the watershed, which should be reflected in 

the WaSSI. The index is best understood as the percent (or fraction) of available water that is 

consumed. The closer the index is to “1”, the closer consumption is to available water in the 

watershed. Thus, an index of “0.10” means only 10 percent of the water in the shed is consumed. The 

USFS set a maximum index at 0.40 (or 40 percent consumption). Analyzing long term results, we 

count the number of months the WaSSI exceeds the index value. For comparison, the model is run 

with NO Irrigation, CURRENT Irrigation, THRESHOLD Irrigation (10 percent of the watershed 

area) and ALL agricultural land. The results show that current irrigation only increases the time the 

index is above 40 by approximately 0.61 percent. Increasing irrigated acreage to 10% of the basin 

area would increase the time by 6.2 percent over the current conditions for the Upper 

Choctawhatchee, which would be classified as a minor effect. Even if all the agricultural land were 

irrigated, the number of months above the 40 index would be 12.6 percent for the Upper 

Choctawhatchee, which would be classified as a moderate effect. Table D-24 shows the percent time 

the WaSSI is above/below the threshold of 40 percent. 
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Table D-24. The Percent of Time the WaSSI Exceeds the Threshold 

HUC HUC Name 
NO IRR 

Months>40% 
CURRENT 

Months>40% 
Threshold 

Months>40% 
All Agland 

Months>40% 

3140201 Upper Choc 2.08% 2.69% 8.85% 15.28% 

3140202 Pea 1.22% 1.65% 8.25% 12.41% 

3140203 Lower Choc 0.17% 0.17% 0.52% 2.86% 

 

3.6. Surface Water Extreme Scenarios  

An analysis of the gauged tributaries in the Upper Choctawhatchee and Pea Watersheds were 

analyzed and returned an annual average runoff of 17.9 and 18.9 inches, respectively.   

3.6.1. Current Irrigated Land Scenarios  

Assuming an average case scenario of the surface water irrigation demand in the Upper 

Choctawhatchee and Pea watersheds is 75 percent and 65 percent, respectively. If all the current 

irrigated land in the basin used runoff originating in the basin and at the average demand estimate, it 

would be 0.30 percent and 0.18 percent of total annual runoff for the Choctawhatchee and Pea 

watersheds respectively. Current irrigation demand, while not negligible, is very minor in intensity. 

3.6.2. 10 Percent Irrigated Land Scenarios   

Assuming an average case scenario where 75 percent and 65 percent of the irrigation demand for the 

Upper Choctawhatchee and Pea watersheds, respectively, came from surface water. If the 10 percent 

irrigated land scenario is approximately 192,766 acres (current irrigated plus potential future irrigated 

agricultural land up to the 10 percent scenario) in the basin and at the average demand estimate, it 

would be 2.3 percent and 1.9 percent of total annual runoff for the Choctawhatchee and Pea 

watersheds, respectively. Ten percent irrigation demand would be classified as minor intensity. 

3.6.3. All Agricultural Land Irrigated Land Scenarios   

Assuming an average case scenario where 75 percent and 65 percent of the irrigation demand for the 

Upper Choctawhatchee and Pea watersheds, respectively, came from surface water. If all the 

agricultural land is irrigated (461,895 acres) in the basin and at the average demand estimate, it 

would be 6.3 percent and 3.6 percent of total annual runoff for the Choctawhatchee and Pea 

watersheds, respectively. Threshold irrigation demand would be classified as minor intensity. 

3.7. Groundwater and Aquifer Results  

Using withdrawal data provided in the OWR assessment (Harper et al., 2015), irrigation withdrawals 

are put into context relative to other sectors use. Using the aquifer area and recharge data provided by 
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the GSA along with irrigation location and demand data, a sensitivity model was built to analyze the 

impact of current and future irrigation on groundwater resources. The current irrigated acreage is 

already defined, and the threshold irrigated acreage is based on the irrigation density analysis. In the 

extreme scenario, all agricultural land is used as the upper limit of possible irrigated acreage. 

3.7.1 Watershed Withdrawal Budgets  

The OWR assessment breaks down groundwater withdrawals by month and sector. When reviewing 

all sectors, groundwater is the dominant source of water in the basin (73 percent). The following 

table shows the watershed withdrawal budgets by month (Table D-25).   

Table D-25. Watershed Withdrawal Budget  

Month 
Basin All 

Withdrawals 
(MGD) 

Basin All 
Withdrawals 

(in) 

Basin GW 
Withdrawals 

(MGD) 

Basin GW 
Withdrawals 

(in) 

GW 
Percentage of 

ALL 
Withdrawals 

 
Jan 36.68 0.0207 30.72 0.0173 83.75% 
Feb 37.34 0.0190 30.68 0.0156 82.16% 

March 43.38 0.0245 35.19 0.0199 81.12% 
April 50.32 0.0275 37.31 0.0204 74.15% 
May 61.77 0.0349 43.62 0.0246 70.62% 
June 75.61 0.0413 49.2 0.0269 65.07% 
July 79.88 0.0451 50.35 0.0284 63.03% 
Aug 71.76 0.0405 48.04 0.0271 66.95% 
Sept 64.48 0.0352 46.64 0.0255 72.33% 
Oct 52.09 0.0294 38.86 0.0219 74.60% 
Nov 40.72 0.0223 32.7 0.0179 80.30% 
Dec 37.73 0.0213 31.58 0.0178 83.70% 

Total 651.76 0.3618 474.89 0.2635 72.86% 

 

 

However, when analyzing just the agricultural sector, it appears the major source of irrigation is 

surface water with the demand being at (64 percent) while the groundwater demand is only (36 

percent). The following tables break it down by the major watersheds in the basin (Tables D-26, D-

27, and D-28). 
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Table D-26.  Upper Choctawhatchee River - Demand Data (2010)2010 Demands- Upper Choctawhatchee River 

Withdrawals (MGD) 

Category Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec AVG Percentage 

Agriculture-GW 0.81 1.05 1.36 2.57 4.48 7.56 8.45 6.18 3.65 2.40 1.15 0.86 3.38 25% 

Agriculture-SW 4.62 5.05 6.11 9.20 12.32 17.32 19.36 15.95 12.40 9.36 6.07 4.71 10.21 75% 

Ag-Total  5.43 6.10 7.47 11.77 16.80 24.88 27.81 22.13 16.05 11.76 7.22 5.57 13.59 100% 

Total-SW 4.68 5.11 6.17 9.26 12.38 17.38 19.42 16.01 12.46 9.42 6.13 4.77 10.26 27% 

Total-GW 20.75 20.77 24.97 25.36 30.37 34.33 34.72 33.25 32.70 26.77 22.30 21.69 27.33 73% 

Total  25.43 25.88 31.14 34.62 42.75 51.71 54.14 49.26 45.16 36.19 28.43 26.46 37.59 100% 

Ag GW% 4% 5% 5% 10% 15% 22% 24% 19% 11% 9% 5% 4%   

Ag SW% 99% 99% 99% 99% 100% 100% 100% 100% 100% 99% 99% 99%   

Returns (MGD) 

Category Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec AVG  

Agriculture  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  

Total Returns 22.80 25.96 17.56 13.92 15.30 14.62 14.35 14.76 12.85 12.76 13.96 12.61 15.95  
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Table D-27. Pea River - Demand Data (2010) 

 

2010 Demands- Pea River 

Withdrawals (MGD) 

Category  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec AVG Percentage 

Agriculture- GW  0.75 0.86 1.11 1.92 2.67 3.96 4.41 3.42 2.57 1.94 1.07 0.82 2.12 35% 

Agriculture-SW 1.10 1.34 1.76 3.30 5.14 8.11 9.09 6.91 4.78 3.34 1.64 1.18 3.97 65% 

Ag-Total  1.85 2.20 2.87 5.22 7.81 12.07 13.50 10.33 7.35 5.28 2.71 2.00 6.09 100% 

Total -SW 1.13 1.37 1.78 3.33 5.17 8.14 9.12 6.94 4.81 3.37 1.66 1.21 4.00 27% 

Total-GW 9.10 9.10 9.33 10.82 11.88 13.12 13.82 13.24 12.54 10.97 9.48 9.03 11.03 73% 

Total  10.23 10.47 11.11 14.15 17.05 21.26 22.94 20.18 17.35 14.34 11.14 10.24 15.03 100% 

Ag GW% 8% 9% 12% 18% 22% 30% 32% 26% 20% 18% 11% 9%   

Ag SW% 97% 98% 99% 99% 99% 100% 100% 100% 99% 99% 99% 98%   

Returns (MGD) 

Category  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec AVG  

Agriculture  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  

Total Returns 8.48 7.87 7.79 6.96 6.41 6.36 5.94 6.74 5.98 6.38 6.14 6.51 6.80  
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Table D-28. Lower Choctawhatchee River - Demand Data (2010)  

2010 Demands- Lower Choctawhatchee River 

Withdrawals (MGD) 

Category  Jan Feb Mar Apr May Jun  Jul Aug Sep Oct  Nov Dec AVG Percentage  

Agriculture-GW 0.13 0.16 0.21 0.39 0.56 0.84 0.94 0.72 0.54 0.40 0.20 0.14 0.44 48% 

Agriculture-SW 0.15 0.18 0.23d.2 0.42 0.59 0.89 1.00 0.77 0.57 0.42 0.22 0.17 0.47 52% 

Ag-Total  0.28 0.34 0.44 0.81 1.15 1.73 1.94 1.49 1.11 0.82 0.42 0.31 0.91 100% 

Total-SW 0.16 0.18 0.24 0.43 0.60 0.90 1.00 0.77 0.58 0.43 0.23 0.17 0.47 28% 

Total-GW 0.87 0.81 0.89 1.13 1.37 1.75 1.81 1.55 1.40 1.12 0.92 0.86 1.21 72% 

Total  1.03 0.99 1.13 1.56 1.97 2.65 2.81 2.32 1.98 1.55 1.15 1.03 1.68 100% 

Ag GW % 15% 20% 24% 35% 41% 48% 52% 46% 39% 36% 22% 16%   

Ag SW % 94% 100% 96% 98% 98% 99% 100% 100% 98% 98% 96% 100%   

Returns (MGD) 

Category  Jan  Feb Mar  Apr May Jun Jul  Aug Sep  Oct  Nov  Dec AVG  

Agriculture  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  

Total Returns 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  
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3.7.2. Aquifer Recharge Analysis Results  

The impact of irrigation demand on aquifer levels is analyzed by determining the percentage of 

recharge that is consumed within the aquifer. Three scenarios are analyzed, each scenario assumes 

36% of total irrigation demand is groundwater, while 64% is surface water. Each scenario is also 

based on the Maximum, Minimum and Average irrigation demand based on the long-term crop 

model runs. Recharge data was available for four of the six aquifers analyzed in the basin. The first 

scenario is current irrigated acreage and the related demand in the aquifer production zone (Table D-

29). The second scenario assumes 10 percent of the total aquifer production zone (Table D-30) area 

is irrigated (the threshold guideline). The third scenario assumes all agricultural land occurring 

within the aquifer production zone (Table D-31) is irrigated. Aquifers in this basin overlap one 

another and it is challenging to estimate from which aquifer a particular withdrawal is occurring.  

Therefore, it is assumed that all withdrawals over a particular aquifer production zone occur in that 

aquifer. This is calculated and reported for every aquifer separately. In reality this is not likely but 

even under these hypothetical scenarios, aquifers experience only negligible to minor impacts.   

Current average irrigation demand in the aquifer production zone is less than 1 percent of any aquifer 

recharge, which is considered negligible. Projecting into the future if 10 percent of the aquifer 

production zone is irrigated (the 10 percent threshold guideline), the average irrigation demand for all 

aquifers considered productive would remain under 10 percent of recharge. This would be classified 

as a minor impact. Assuming all agricultural land in the aquifer production zone were irrigated, the 

recharge range would be between 13 percent and 15 percent for the six aquifers considered 

productive. This would be classified as moderate impact.
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Table D-29. Current Average Irrigation Demand in Aquifer Production Zones as a Percentage 

of Total Recharge (First Scenario) 

 

 

 

 

 

Current Irrigated Land 

AQUIFER 
Production 
Area (ac) 

Irrigated 
Acreage 

(ag) 

MAX 
IRR 

Demand 
(acft) 

MIN 
IRR 

Demand 
(acft) 

AVG 
IRR 

Demand 
(acft) 

MAX 
IRR 

Demand 
(in) 

MIN 
IRR 

Demand 
(in) 

AVG 
IRR 

Demand 
(in) 

MAX 
IRR 

Demand 
36% 
(in) 

MIN 
IRR 

Demand 
36% 
(in) 

AVG 
IRR 

Demand 
36% 
(in) 

MAX % 
Recharge 
(@36%) 

MIN % 
Recharge 
(@36%) 

AVG % 
Recharge 
(@36%) 

Clayton 646,877 7,327 7,710 483 3,623 0.143 0.009 0.067 0.051 0.003 0.024 1.39% 0.09% 0.65% 

Gordo 988,368 5,136 5,463 444 2,461 0.066 0.005 0.030 0.024 0.002 0.011    

Nanafalia 
aquifer 

863,114 16,037 16,821 797 7,678 0.234 0.011 0.107 0.084 0.004 0.038 1.68% 0.08% 0.77% 

Ripley 
Cusseta 

730,536 6,223 6,723 458 3,025 0.110 0.008 0.050 0.040 0.003 0.018 1.53% 0.10% 0.69% 

Salt Mtn 1,020,978 16,465 17,272 823 7,873 0.203 0.010 0.093 0.073 0.003 0.033    

Tallahatta 777,774 16,149 16,925 787 7,669 0.261 0.012 0.118 0.094 0.004 0.043 1.88% 0.09% 0.85% 
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Table D-30. Threshold Irrigation Demand in Aquifer Production Zones as a Percentage of 

Total Recharge (Second Scenario) 

 

 

  

10% Threshold Irrigated Land 

AQUIFER 
Production 
Area (ac) 

Irrigated 
Acreage 

(ag) 

MAX 
IRR 

Demand 
(acft) 

MIN 
IRR 

Demand 
(acft) 

AVG 
IRR 

Demand 
(acft) 

MAX 
IRR 

Demand 
(in) 

MIN 
IRR 

Demand 
(in) 

AVG 
IRR 

Demand 
(in) 

MAX 
IRR 

Demand 
36% 
(in) 

MIN 
IRR 

Demand 
36% 
(in) 

AVG 
IRR 

Demand 
36% 
(in) 

MAX % 
Recharge 
(@36%) 

MIN % 
Recharge 
(@36%) 

AVG % 
Recharge 
(@36%) 

Clayton 646,877 62,303 64,153 3,451 29,355 1.190 0.064 0.545 0.428 0.023 0.196 11.58% 0.62% 5.30% 

Gordo 988,368 94,390 100,827 7,188 45,206 1.224 0.087 0.549 0.441 0.031 0.198    

Nanafalia 
aquifer 

863,114 85,988 87,859 3,958 39,787 1.222 0.055 0.553 0.440 0.020 0.199 8.79% 0.40% 3.98% 

Ripley 
Cusseta 

730,536 69,809 74,070 4,200 32,448 1.217 0.069 0.533 0.438 0.025 0.192 16.85% 0.96% 7.38% 

Salt Mtn 1,020,978 100,635 103,297 4,723 46,693 1.214 0.056 0.549 0.437 0.020 0.198    

Tallahatta 777,774 79,970 80,860 3,386 35,855 1.248 0.052 0.553 0.449 0.019 0.199 8.98% 0.38% 3.98% 
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Table D-31. All Agricultural Land Irrigation Demand in Aquifer Production Zones as a 

Percentage of Total Recharge (Third Scenario) 

ALL Ag Land 

AQUIFER 
Production 
Area (ac) 

Irrigated 
Acreage 

(ag) 

MAX 
IRR 

Demand 
(acft) 

MIN 
IRR 

Demand 
(acft) 

AVG 
IRR 

Demand 
(acft) 

MAX 
IRR 

Demand 
(in) 

MIN 
IRR 

Demand 
(in) 

AVG 
IRR 

Demand 
(in) 

MAX 
IRR 

Demand 
36% 
(in) 

MIN 
IRR 

Demand 
36% 
(in) 

AVG 
IRR 

Demand 
36% 
(in) 

MAX % 
Recharge 
(@36%) 

MIN % 
Recharge 
(@36%) 

AVG % 
Recharge 
(@36%) 

Clayton 646,877 179,410 184,400 10,125 85,853 3.421 0.188 1.593 1.231 0.068 0.573 33.28% 1.83% 15.50% 

Gordo 988,368 153,466 163,196 12,510 74,014 1.981 0.152 0.899 0.713 0.055 0.324    

Nanafalia 
aquifer 

863,114 286,987 292,087 13,118 134,024 4.061 0.182 1.863 1.462 0.066 0.671 29.24% 1.31% 13.42% 

Ripley 
Cusseta 

730,536 146,452 154,544 9,299 68,717 2.539 0.153 1.129 0.914 0.055 0.406 35.15% 2.11% 15.63% 

Salt Mtn 1,020,978 305,305 311,510 14,328 142,958 3.661 0.168 1.680 1.318 0.061 0.605    

Tallahatta 777,774 271,656 274,234 11,809 124,304 4.231 0.182 1.918 1.523 0.066 0.690 30.46% 1.31% 13.81% 
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4. Soil Conservation Measures Crop Model Results  

Figure D-23 depicts the results from crop models increasing the organic carbon content of rainfed 

crop model experiments based on historic weather and soil data at the agricultural research station in 

Headland, Alabama. Additional organic carbon had a marginal impact on the rainfed results over the 

period (90 weather years:1921-2011). 

 

Figure D-23: Organic Carbon Content of Rainfed Yields Crop Model Results 
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Figure D-24 depicts the results from the model increasing the organic carbon content of rainfed crop 

versus an irrigated crop with no additional organic carbon. Even with a five percent increase in 

organic carbon, rainfed yields still do not compare with irrigated yields.  

 

Figure D-24: Rainfed Crop Yields Compared to Irrigated Crop Yields 

However, the combination of increased organic carbon and irrigation show a noticeable increase over 

irrigation alone (Figure D-25).  

 

Figure D-25: Increased Organic Carbon and Irrigation Crop Yields 
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Yield statistics (in kg/ha) show similar increases when combining conservation measures and 

irrigation, as shown in Table D-32. In the table, OC refers to “Organic Carbon as it relates to soil 

health.” 

 

Table D-32. Crop Yield Statistics  

 
RF 0% OC 

(kg/ha) 
RF 2% OC 

(kg/ha) 
RF 5% OC 

(kg/ha) 
IR 0% OC 
(kg/ha) 

IR 2% OC 
(kg/ha) 

IR 5% OC 
(kg/ha) 

Average 5,243 5,228 5,196 8,681 8,694 8,695 

MAX 9,558 9,561 9,553 12,095 12,276 12,304 
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5. Climate 

5.1. Monthly Normals  

The Livneh et al. (2014) climate dataset has an original horizontal resolution of 1/16 degrees which 

contains daily values of minimum temperature, maximum temperature, and precipitation for the 

period 1915-2011. This daily data was area weighted to the HUC-8 regions of the United States. An 

area-weighted daily average was then done for the combined area of the Upper and Lower 

Choctawhatchee and Pea Watersheds. This data was further averaged to monthly values for the 30-

year period 1981-2010 which is the current period for climate normals in the United States. These 

average monthly temperature values are displayed in Figure D-26. The lowest minimum 

temperatures occur in December and January with values between 35 and 40 oF. The highest 

maximum temperatures occur in July and August with values near 90 oF. The average annual 

precipitation is about 57 inches with the maximum monthly value occurring in July of about 6.4 

inches and the minimum monthly value occurring in October of about 3.3 inches (Figure D-27). The 

unexpectedly high averages shown in Figure D-27 for July and September are most likely caused by 

tropical systems or hurricanes.  

 

  

Figure D-26 Average Monthly Minimum Temperature (left) and Maximum Temperature 

(right) for the Choc-Pea Basin for the Period 1981-2010 
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Figure D-27: Average Monthly Precipitation for the Choc-Pea Basin for the Period 1981-2010 

 

5.2. Daily Precipitation  

The daily precipitation data from 1981-2010 for the Choc-Pea Basin was sorted from smallest to 

largest and the cumulative distribution function was calculated then shown in Figure D-28. The 

period comprises 10,957 days which, when divided by 30 years, gives an average year length of 

365.23 days, which is equivalent to 100 percent of the data. The vertical axis in Figure D-28 is 

labeled with respect to the “average day” rather than percentages. The 1-inch threshold is at about 

day 356 which leads to the conclusion that about 98 percent of the time daily precipitation amounts 

are 1 inch or less. The National Weather Service threshold for measurable precipitation at a given 

location is 0.01 inches. This threshold is at about day 152; so about 213 days of the year have values 

at or above this amount. 
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Figure D-28: Cumulative Distribution Function for Daily Precipitation Values for the Choc-

Pea Basin for the Period 1981-2010 

 

5.3 Precipitation Versus Evaporation  

5.3.1. Monthly Averages 

Monthly evapotranspiration on the HUC-8 scale is one of the outputs of the Water Supply Stress 

Index (WaSSI) hydrology model (Caldwell et al., 2012). The evapotranspiration calculations are 

detailed in Sun et al. (2011a, 2011b) and involve three steps. In the first step a monthly potential 

evapotranspiration is calculated by Hamon’s method. The second step uses a set of multiple linear 

regression relationships which uses the Hamon values, precipitation, and leaf-area index to obtain 

evapotranspiration estimates for each land-use class. The final step limits the actual 

evapotranspiration to the available soil moisture. Figure D-29 shows the monthly averages for 

precipitation and the WaSSI-derived evapotranspiration for the Choc-Pea Basin for the period 1916-

2011. Figure D-30 shows the monthly averaged precipitation minus the WaSSI-derived 

evapotranspiration for the same period (hereafter referred to as PME). The May-October period has 

PME values less than 1 inch with the exception of July. 

 

  

Figure D-29: Average Monthly Precipitation (left) and WaSSI-derived Evapotranspiration 

(right) for the Choc-Pea HUC-8 Basins for the Period 1916-2011 
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Figure D-30: Average Monthly Precipitation Minus WaSSI-derived Evapotranspiration for the 

Choc-Pea HUC-8 Basins for the Period 1916-2011 

5.3.2. Return Periods  

From standard hydrology practices “the return period of an event of a given magnitude may be 

defined as the average recurrence interval between events equaling or exceeding a specified 

magnitude” (Chow et al., 1988). In hydrology, this is typically related to flood events. Here it will be 

applied to the monthly PME values for the Choc-Pea Basin for the period 1916-2011. Three 

thresholds were chosen: 1) -12.5 mm (nominally 0.50 inches), 2) -25.0 mm (nominally 1.0 inch), and 

3) -50.0 mm (nominally 2.0 inches).  Six different time periods were also chosen from 1-6 months.  

For the monthly periods, time is in respect to consecutive months. Table D-33 gives the corres 

ponding return periods and Table D-34 provides the number of events. In Table D-33 for the -12.5 

mm threshold and 1-month category, a return period of 0.48 years is displayed. That means that the 

return period for a PME of -12.5 mm or less and for a period of one month or more is 0.48 years. 

The shortest return periods are for the -12.5- and -25.0-mm thresholds for one month (0.48 and 0.81 

years, respectively), and the -12.5 threshold for two months of 2.35 years. Larger departures in 

magnitude or length are less common having return periods of six years or more. 

 

No events were found for five or six consecutive months. Only one event was found for four 

consecutive months at the -12.5 mm threshold and it was assigned a return period equal to the entire 

data record of 1916-2011. Tables D-35 and D-36 show the same information but are restricted to 

periods which overlap all or part of the growing season defined as April-September.  There are fewer 

events because some dry periods occur earlier in the spring and later in the fall. Otherwise, the return 

period values are very similar. 
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Table D-33. Return Periods (years) for PME for the Choc-Pea HUC-8 Basins for the Period 

1916-2011 for the Entire Calendar Year 

Threshold Time Periods (months) 

1 2 3 4 5 6 

-12.50 mm 0.48 2.35 10.18 95.97 NA NA 

-25.00 mm 0.81 6.61 31.93 NA NA NA 

-50.00 mm 9.26 NA NA NA NA NA 

 

Table D-34. Return Periods (years) for PME for the Choc-Pea HUC-8 Basins for the Period 

1916-2011 for the Entire Calendar Year with the number of events 

Threshold  Time Periods (months) 

1 2 3 4 5 6 

-12.50 mm 201 41 7 1 0 0 

-25.00 mm 119 14 2 0 0 0 

-50.00 mm 9 0 0 0 0 0 

 

Table D-35. Return Periods (years) for PME for the Choc-Pea HUC-8 Basins for the Period 

1916-2011 for the Growing Season (April – September) 

Threshold  Time Periods (months) 

1 2 3 4 5 6 

-12.50 mm 0.25 1.03 5.34 95.97 NA NA 

-25.00 mm 0.45 3.43 NA NA NA NA 

-50.00 mm 8.26 NA NA NA NA NA 
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Table D-36. Return Periods (years) for PME for the Choc-Pea HUC-8 Basins for the Period 

1916-2011 for the Growing Season (April – September) with the Number of Events 

Threshold Time Periods (months) 

1 2 3 4 5 6 

-12.50 mm 113 21 4 1 0 0 

-25.00 mm 64 8 0 0 0 0 

-50.00 mm 7 0 0 0 0 0 

 

5.3.3. Probability of a Return Period  

Another concept from hydrology is the probability of a return period (Chow et al., 1988). As used in 

hydrology with annual data, equation (1) gives the probability P of meeting or exceeding a specified 

event with a return period of T in N years. In the derivation of (1), it is assumed that the hydrological 

events from year to year are statistically independent. For our monthly PME values this is probably 

not true, but no effort has been applied to adjust for temporal correlation. When applied to the PME 

return values in Table D-33, P will be the probability of an event less than or equal to the given 

threshold and for the specified monthly duration. Since the source data is in months, both the return 

period T and the exponent N are in months. With these changes, when (1) is applied to the data in 

Table D-33, the results are shown as the curves in Figure D-31, where the N values are plotted as 

years.   

 

(1) 𝑃 = 1 −  (1 −  
1

𝑇
)

𝑁

 

Figure D-31 illustrates that PME values of either -12.5 or -25.0 mm for periods of one or two months 

are fairly common, with probabilities approaching 0.70 or more after three years. More extreme 

events require much more time to be likely, if at all. 
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Figure D-31.  Probability of a Return Period for PME Events for the Choc-Pea HUC-8 Basin 

for the Period 1916-2011 (see Table D-34) 

 

6. Air Quality  

6.1. Construction  

In this discussion, the generation of particulate dust by construction activities related to installing the 

irrigation equipment will be assumed to be a good proxy for potential air quality impacts. Given the 

relatively small areas and time involved, it is assumed that the impacts would be negligible to minor 

and temporary. The philosophy below is to use the simplest tool possible but making assumptions to 

maximize concentrations where reasonable. The parameters used in this discussion are listed below 

in Table D-37. 
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Table D-37. Input Parameters for Dust Production Calculations 

Description Symbol Value (units) 

Weight of concrete mixer truck (empty) WT 30,000 (lbs) 

Weight of concrete WC 40,000 (lbs) 

Average farm size in Choc-Pea Basin A 1.007 (km2) (equal to 249 acres) 

Radius of average farm size R 0.566 (km) 

Soil silt percentage P 25.0 (%) 

Concrete truck speed G 0.011 (km s-1) (equal to 25 mph) 

Wind Speed U 1.0 (meters per second) 

2.5-micron fraction k 0.15 

10.0-micron fraction k 1.0 

emission equation silt exponent a 0.90 

emission equation weight exponent b 0.45 

Gaussian equation σY dispersion parameter c 24.167 

Gaussian equation σY dispersion parameter d 2.5334 

Gaussian equation σZ dispersion parameter α 453.85 

Gaussian equation σZ dispersion parameter β 2.1166 

Assumed concentration time H 4 (hours) 

 

To model dust production, this discussion assumes a concrete truck is the dust generator. This is 

reasonable given that such a vehicle is able to generate dust and it is possible that some farmers may 

need to have concrete pads poured for installation of the irrigation equipment. If pond construction is 

needed, it could potentially have more of an impact. The EPA document AP-42 (EPA 2019) states 

“Heavy construction is a source of dust emissions that may have substantial temporary impact on 

local air quality…” If needed, the same document describes wetting of soil or construction of wind 

barriers as mitigation measures.  Due to the difficulty of estimating emissions for pond construction, 

the estimates of a concrete truck will be assumed to be a proxy for both irrigation equipment 

installation and pond construction. 

 

The EPA document AP-42 (EPA, 2019) gives equation (1) as the formula for the emission rate on 

unpaved roads in units of g vehicle-1 km-1, where k has a different value for different particle sizes, P 

is the soil silt percentage, and W is the weight of the vehicle. W is the total weight of the vehicle 

which is the sum of the WT and WC values in Table D-37. EPA has standards for two classes of 

particles: one is for particles with diameters less than or equal to 2.5 microns (μm), and the other is 

for particles with diameters less than or equal to 10.0 μm. 
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(1) 𝐸 = 281.9 𝑘 (
𝑃

12
)

𝑎
 (

𝑊

3
)

𝑏
 

 

Equation (2) gives the radius of the average farm area (A) in the Choc-Pea HUC. Accounting for the 

round trip, (D) is given by equation (3). 

 

(2) 𝑅 =  √
𝐴

𝜋
 

(3) 𝐷 = 2 ∗ 𝑅 

 
Dividing the round-trip distance D by an assumed vehicle speed G gives an emission time T as in 

equation (4). 

 

(4) 𝑇 =  
𝐷

𝐺
 

 
Taking the emission value from equation (1) and multiplying by the distance D and dividing by the 

time scale T gives the emission rate (ER) in units of g vehicle-1 s-1, as given by equation (5). 

 

(5) 𝐸𝑅 =  
𝐸∗𝐷

𝑇
 

 
Equation (6) is a simple Gaussian plume model (EPA, 1995), where ER is the emission rate from 

equation (5), K is a units conversion (106 gives a concentration of μg m-3  when ER has the units of 

equation 5), V is a vertical distribution term, d is a decay term, π is the usual mathematical meaning, 

U is the wind speed, σY is the lateral dispersion, σZ is the vertical dispersion, and Y is the distance 

from the plume center.  Equation (6) gives an instantaneous, steady-state estimate of a concentration.  

Simplifying equation (6) to get an estimate of the maximum concentration (CMAX), gives equation 

(7), where Y has been set to zero and the V and d terms are set to one.   

 

(6) 𝐶 =  
(𝐸𝑅 𝐾 𝑉 𝑑)

(2 𝜋 𝑈 𝜎𝑌  𝜎𝑍)
𝑒𝑥𝑝  [

−1

2
 (

𝑌

𝜎𝑌
)

2
]  

(7) 𝐶𝑀𝐴𝑋 =  
(𝐸𝑅 𝐾 )

(2 𝜋 𝑈 𝜎𝑌  𝜎𝑍)
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A simple version of (6) and (7) uses the Pasquill-Gifford categories (Turner, 1970) to give estimates 

of the dispersion parameters as a function of stability, wind speed, and distance from the source. The 

Pasquill-Gifford categories are labeled as “A” through “F” as given in Table D-38, where “A” is the 

most unstable and “F” is the most stable. Given that the wind speed U has been set to a small value 

of 1 m s-1, and that construction will likely occur in spring or summer daylight conditions, stability 

class “A” has been chosen from Table D-38.  In equations (8) – (10), the parameters c, d, α, and β, in 

general, have different values for each stability class and for various distance ranges from the source 

(EPA, 1995). The values used in these calculations are listed in Table D-37.   

 

(8) 𝜃 = 0.017 [𝑐 − 𝑑 𝑙𝑛 𝑙𝑛 (𝑅) ] 

(9) 𝜎𝑌 = 465.12 𝑅 𝑡𝑎𝑛 𝑡𝑎𝑛 (𝜃)  

(10) 𝜎𝑍 = 𝛼 𝑅𝛽   

 

Table D-38.  Pasquill-Gifford Stability Classes (after Turner, 1970) 
Wind Speed Category Daytime Insolation Category Nighttime Category 

10-m wind speed (m s-1) strong moderate slight cloud ≥ 4/8 cloud ≤ 3/8 

< 2 A A-B B E F 

2-3 A-B B C E F 

3-5 B B-C C D E 

5-6 C C-D D D D 

> 6 C D D D D 

 

With dispersion parameters specified by equations (8)-(10) and used in equation (7), the final 24-h 

maximum concentration estimate is given by equation (11).  The time in hours for H is set at 4 h 

since concrete trucks would not be running continuously for this type of construction – it would 

likely be less than an hour given the amount of concrete to be delivered. 

 

(11) 𝐶𝑀𝐴𝑋,24 =  
𝐻

24
 𝐶𝑀𝐴𝑋 

 
The concentrations from the above approach are given in Table D-39 where they are compared 

against the current EPA standards for 2.5 μm and 10.0 μm particle size classes. It is observed that the 

modeled concentrations are well below the standards and, as previously mentioned, would likely be 

much smaller. 
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Table D-39. Comparison of Calculated and EPA Standard Particulate Concentrations 
Particle Size Category Estimates from Equation (11) EPA 24-h standard 

2.5 microns 4.3 μg m-3 35 μg m-3 

10.0 microns 42.6 μg m-3 150 μg m-3 

 

6.2. Fertilizer Application  

Bouwman et al. (2002) summarizes the complex processes which control the NOX (NO + N2O) 

emissions from soils which, among many other factors, include soil temperature, moisture, texture, 

pH, fertilizer amount, and tillage practices. According to Bouwman et al. (2002), N2O emissions 

tend to dominate the NOX total for most soils. Accordingly, this section will focus on the increase of 

N2O emissions resulting from the enhanced fertilizer applications which are usually done in 

conjunction with crop irrigation. Calculations will be done for the average farm size for the Choc-

Pea Basin, and for rainfed and irrigated scenarios. Table D-40 lists the primary input parameters 

used in the N2O emission calculations. The fertilizer application rates are obtained from simulations 

performed at UAH with the DSSAT crop model. The fertilizer is assumed to be ammonium nitrate 

(NH4NO3). 

 
Table D-40.  Input Parameters for N2O Calculations 

Description Symbol Value (units) 

Average farm size in Choc-Pea HUC A 1.007 (km2) (equal to 249 acres) 

Wind Speed U 1.0 (m s-1) 

Rainfed Fertilizer Rate F 202 kg ha-1 yr-1 

Irrigation Fertilizer Rate F 280 kg ha-1 yr-1 

 

For these calculations, an area-source, two-dimensional, steady-state Gaussian model will be 

employed as in equation (12), where the concentration C is in units of μg m-3. The symbols have the 

same meaning as in the particulate dust calculations (equation 6), except that ER is now an area source 

with units of g m-2 s-1. 

 

(12)    
 

 

The fertilizer rates in Table D-40 are for the total weight of fertilizer. To convert to a pure N rate FNR, 

they are multiplied by a fraction as in (13), where 0.35 is the atomic weight of N divided by the 

molecular weight of NH4NO3. 

 

(13) 𝐹𝑁𝑅 = 0.35 𝐹 
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Millar et al. (2012) provides a relationship between nitrogen fertilizer application rate FNR (kg N ha-1 

yr-1) and N2O-N emissions (g N2O-N ha-1 yr-1), as in equation (14). To calculate the needed emission 

rate ER used in (12), the appropriate units must be converted and scaled, as in equation (15).  Factor 

number one (from the left) in (15) converts from ha-1 to km-2. Factor number two converts from km-2 

to m-2. Factor number three converts from yr-1 to s-1. For the last factor (number four), the emissions 

rate is scaled to an assumed growing season of four months out of twelve.  

  

(14) 𝐸 = 670 𝑒𝑥𝑝  ( 0.0067 𝐹𝑁𝑅)  

(15) 𝐸𝑅 =  
102

1

10−6

1
 

1

(365 𝑑𝑎𝑦𝑠∗24 ℎ𝑜𝑢𝑟𝑠∗3600 𝑠𝑒𝑐𝑜𝑛𝑑𝑠)

12

4
 𝐸 

 
Using the values from (15) in (12) for both rainfed and irrigated scenarios gives the results in Table 

D-41 for the average farm size in the Choc-Pea HUCs, where the concentrations have been converted 

to Parts Per Billion (PPB) of N2O.  The increase in N2O emissions is close to 3 PPB; however, both 

the rainfed and irrigated concentrations are well below the EPA 1-h N2O standard of 100 PPB. 

 

Table D-41. Impact of Increased Fertilizer Application with Irrigation 

 
HUC Name N2O Rainfed (PPB) N2O Irrigated 

(PPB) 

Difference (PPB) EPA 1-h Standard 

(PPB) 

Choc-Pea 17.1 20.5 3.4 100.00 

 

6.3. Greenhouse Gas Emission Analysis  

The COMET-Farm analysis system is designed to assess on-farm greenhouse gas emissions (USDA, 

2020). COMET-Farm requires field definition, historic farm practices and future practices to evaluate 

both baseline and predicted greenhouse gas emissions. COMET-Farm is designed for field-scale 

evaluations and not regional emissions modeling. For this project, a representative 20-acre field 

located at the Wiregrass Research and Extension Service Farm was chosen. Conventional crop 

rotation, planting dates, fertilizer rates and irrigation applications were defined. For the baseline, no 

irrigation was applied. The results are included below in Figure D-32. 
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Figure D-32. Results of COMET Model for 20 acres of Corn, Cotton, and Soybeans at the 

Wiregrass Research and Extension Service Farm 

 

Results show that irrigation increases yield which increases soil organic matter, including carbon 

capture, reducing C by 0.8 CO2 metric tons equivalent per year. However, increased fertilizer 

application (NO2) creates an increase of 4.0 CO2 metric tons equivalent per year. 

The COMET-Farm system also outputs the margin of error for different greenhouse gas components 

as shown in Figure D-33, below.  

 
Figure D-33: Graph of Emission Components 

 

The COMET-Farm system is designed to assess emissions due to farm management changes. 

However, the results can be compared to the air quality model used to determine NOx emissions. 

Converting the COMET mass rate numbers to a concentration involves two steps and several 

assumptions, as shown below.  
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The terms in equation (1) on the right-hand side will be discussed, from left to right. The first term, 

RCO2, is the annual increase in metric tons of N2O in CO2 equivalent mass obtained from the COMET 

model (4.0). The second term, 103, converts metric tons to kg. The third term, 298-1, converts CO2 

equivalent mass to actual N2O mass in kg. The fifth term scales the 20-acre COMET plot to the 

average farm size of 249 acres. The fourth term, 12/4, takes the annual number and scales it to the 

four months of the growing season. The last term, Δt, is the number of seconds in a year. The result 

on the left-hand side, RN2O, is the emission rate of N2O in kg s-1.  

 
 

To convert the emissions rate from equation (1) to a concentration, several assumptions must be 

used. Equation (2) shows the variables needed to convert an emission rate to a concentration. The 

terms in equation (2) on the right-hand side will be discussed from left to right. The numerator in the 

first term multiplies an emission rate RN2O times an emission time scale, ΔtE, which gives a mass 

value in units of kg. The denominator in the first term calculates a volume by multiplying a farm area 

(249 acres converted to m2) times a planetary boundary layer (PBL) height Z. Typical spring and 

summer maximum values of Z are on the order of 1-2 km; a value of 1,000 m has been used here. 

The second term, 103, converts kg to g. The third term, 106, converts g to micro-grams (μg). With 

these three terms a concentration of μg m-3 is defined. The final factor “f” (a constant for standard 

pressure and temperature), converts μg m-3 to parts per billion (PPB), which is the unit of CN2O. The 

emission time scale, ΔtE, could be defined by one of many different ways. Using the same wind 

speed as the Gaussian plume calculations (1 m s-1) and the distance defined by a square of the farm 

size A, this gives a time scale of about 15 minutes for air to travel across the example farm. Another 

equally important time scale is the time required for an air parcel to climb to the top of the PBL and 

back to the surface. Assuming a circular eddy and same velocity gives a time scale of about 50 

minutes. Since the latter is close to an hour, ΔtE has been set to 1 h (3,600 s). The RCO2 value of 4 

metric tons per year when multiplied by the factor 249/20 (scaling the COMET results from 20 acres 

to 249 acres) gives a value of 49.8 metric tons per year. The value of 49.8 metric tons per year gives 

an increase of 0.10 PPB of N2O, which is considerably smaller than the number of about 3 PPB 

obtained from the Gaussian plume calculations. This difference can be partly explained by the fact 

that the Gaussian plume calculations were done in a way to give the maximum possible, worst-case 

scenario value of concentration increase at the center of a down-wind plume, and do not give an area 

average estimate of the concentration across the field. Nonetheless, the conclusion is the same: the 

increase in N2O concentration is below the EPA 1-h standard of 100 PPB. A summary of the key 

numbers in this calculation are given in Table D-42.  
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Table D-42. Summary of Key Variables in N2O Concentration Calculation 
RCO2 (metric tons/year) A (m2) Z (m) ΔtE (s) CN2O (PPB) 

49.8 1.0 x 106 1,000 3,600 0.10 
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Figure E-1: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 1)   
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Figure E-2: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 2)
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Figure E-3: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 3)
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Figure E-4: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 4)
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Figure E-5: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 5)
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Figure E-6: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 6)



 Choctawhatchee and Pea River Sustainable Irrigation Expansion Project     

 Watershed Plan- Environmental Assessment  

 

 

 

  USDA-NRCS                       133                   August 2020 

Figure E-7: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 7)
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Figure E-8: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 8)
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Figure E-9: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 9)
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Figure E-10: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 10)
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Figure E-11: NRCS & ACOE Agreement Concerning Farm Pond Exemptions (Page 11)  
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The following figure represents the ALFA distributed Survey used as part of the Project Scoping 

Process: 
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   Agricultural irrigation is poised for expansion in Alabama.  In order to better understand farmers' interest in expanding 

irrigation in the state, your input is needed.  If you currently irrigate, or if you would like to add irrigation on your farm, 

please complete the information below.  All information provided will remain confidential. 

  

In order to help us collect the best possible information, please note: 

·         The first section of the survey should only be completed by those currently irrigating crops.  

·         The second section should only be completed by those who do not currently irrigate.  

·         The third section should be completed by all respondents.  

 

The survey can also be completed online at www.alabamairrigation.org. 

  

Thank you for taking time to assist with this survey! 

  

  

  Only Answer Questions 1 – 10 if you are currently using irrigation 

  

1.       Do you currently irrigate crops in Alabama? If your answer is no, please skip to the next section of the survey. 

  

                ____Yes           ____No 

  

2.       In what county, or counties, in Alabama do you currently irrigate agricultural crops? 

  

  

3.       How many acres do you currently irrigate? 

  

____ Less than 1 acre to 24 acres                 ____ 500 – 749 acres 

  

____ 24 – 49 acres                                         ____ 750 – 999 acres 

  

             ____ 50 – 99 acres                                         ____ 1,000 – 1,499 acres 

  

             ____ 100 – 249 acres                                     ____ 1,500 – 1,999 acres 

  

             ____ 250 – 499 acres                                    ____ 2,000 or more acres 

  

  

4.       If a federally-funded cost share program was available, would you be more likely to invest in expanding your 

irrigated acres? 

  

            ____Yes               ____No 

  

5.       How many additional acres would you like to be able to irrigate if you qualified for cost-share funding? 

  

              ____ Not interested in expansion at this time 

  

              ____ Less than 1 acre to 24 acres                              ____ 500 – 749 acres 

  

              ____ 24 – 49 acres                                                       ____ 750 – 999 acres 
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             ____ 50 – 99 acres                                                       ____ 1,000 – 1,499 acres 

  

             ____ 100 – 249 acres                                                   ____ 1,500 – 1,999 acres 

  

             ____ 250 – 499 acres                                                   ____ 2,000 or more acres 
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6.          Do you currently have plans to irrigate any newly rented or leased acres? 

____Yes             ____No 

  

7.       If so, do you currently have rental/lease agreement for at least a minimum of five years? 

____Yes             ____No 

  

8.      What percentage of your cropland do you currently irrigate? 

____ Less than 20% 

____ 21 – 49% 

____ 50 – 74% 

____ 75 – 100% 

  

9.   What is your water source (check all that apply)? 

____ Surface Water 

____ On-farm pond or reservoir 

____ Groundwater (well) 

  

10.       If you answered "surface water" above, please list the name of the river or stream. 

  

________________________________________________________________________ 

Only Answer Questions 11 – 18 if you are currently NOT using irrigation 

  

11.       Do you currently irrigate crops in Alabama? If your answer is yes, please go back and complete the previous 

section of the survey. If your answer is no, please continue with the questions below. 

  

____Yes             ____No 

  

12.       In what county, or counties, in Alabama do you currently farm? 

  

  

13.       If a federally-funded cost share program was available, would you be more likely to invest in irrigation? 

  

____Yes             ____No 

  

14.       How many additional acres would you like to be able to irrigate if you qualified for cost-share funding? 

  

____ Not interested in expansion at this time 

  

____ Less than 1 acre to 24 acres                             ____ 500 – 749 acres 

  

____ 24 – 49 acres                                                       ____ 750 – 999 acres 

  

             ____ 50 – 99 acres                                                       ____ 1,000 – 1,499 acres 

  

             ____ 100 – 249 acres                                                   ____ 1,500 – 1,999 acres 

  

             ____ 250 – 499 acres                                                   ____ 2,000 or more acres 
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15.        Do you currently have plans to irrigate any newly rented or leased acres? 

                ____Yes           ____No 

  

16.        If so, do you currently have rental/lease agreement for at least a minimum of five years? 

                ____Yes           ____No 

  

  

17.        What would be your water source (check all that apply)? 

____ Surface Water 

____ On-farm pond or reservoir 

____ Groundwater (well) 

  

18.    If you answered "surface water" above, please list the name of the river or stream. 

  

________________________________________________________________________ 

  

All respondents should complete the section below (questions 19 - 24) 

  

  

19.    Name:        _____________________________________________________________ 

  

20.    Recent economic analysis concludes that installing a system irrigating 140 acres costs between $200,000 and 

$224,000, with a full return on investment within three to five years. This program will include a farmer cost share 

component. What cost-share percentage would you be willing to pay for irrigation? 

____ None, I would not be willing to invest in irrigation even if cost-share funding was available 

____ 25%, I would be willing to invest up to 25% of the total cost 

____ 50%, I would be willing to invest up to 50% of the total cost 

____ 75%, I would be willing to invest up to 75% of the total cost 

____ 100%, I plan to expand irrigation on my farm with or without possible cost share funding 

  

21.    What types of conservation practices would you be interested in adding (check all that apply)? 

____ Irrigation Pivot                          ____ Well 

____ Irrigation Pipeline                     ____ Pump (electric) 

____ Subsurface Irrigation               ____ Pump (diesel) 

____ Irrigation reservoir                   ____ Convert combustion pump to electric 

____ Micro-irrigation                

____ Convert current irrigation to low-pressure drop nozzles 

  

  

22.    Are there other irrigation practices not listed above you would be interested in? 

  

__________________________________________________________________________ 

  

23.    Please enter the Latitude and Longitude of each location (field, hoop house, etc.) where irrigation would occur. 

To get the Latitude and Longitude for each location use the Compass App on your smartphone. Stand at the location 

to be irrigated and turn on your compass. The Latitude and Longitude will appear on your phone screen. 

Lat: _______________________             Long:_________________________ 

Lat: _______________________             Long:_________________________ 
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Lat: _______________________             Long:_________________________ 

Lat: _______________________             Long:_________________________ 

Lat: _______________________             Long:_________________________ 

Lat: _______________________             Long:_________________________ 

  

  

24.    What has prevented you from irrigating or expanding irrigation on your farm? 

____ Economics 

____ Age 

____ Access to Water 

____ Land is rented 

Other: _____________________________________ 

  

  

  

Please mail completed surveys to the following address: 

Alabama Association of Conservation Districts 

Attn. Katy Parker, Executive Director 

P.O. Box 304800 

Montgomery, AL 36130-4800 

If you prefer to scan and e-mail, please send to katy@ALConservationDistricts.org 

THANK YOU! 

  

  

Figure E-12: ALFA Farmer Survey 
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Figure E-13: Sign-In Sheet for the December 18, 2018 Farmer Interest Meeting in Hartford, 

AL (Page 1) 
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Figure E-14: Sign-In Sheet for the December 18, 2018 Farmer Interest Meeting in Hartford, 

AL (Page 2) 
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Figure E-15: Sign-In Sheet for the December 18, 2018 Farmer Interest Meeting in Hartford, 

AL (Page 3) 
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Figure E-16: Sign-In Sheet for the December 18, 2018 Farmer Interest Meeting in Hartford, 

AL (Page 4) 
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Figure E-17: Sign-In Sheet for the December 18, 2018 Farmer Interest Meeting in Hartford, 

AL (Page 5) 
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Figure E-18: Agenda for Farmer Interest Meeting on December 18, 2018 
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Figure E-19: Sign-In Sheets for the August 20, 2019 Farmer Scoping Meeting in Enterprise, AL 
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Figure E-20: Agenda for Farmer Scoping Meeting on August 20, 2019 
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Figure E-21: Affidavit for Announcement of Public Meeting 
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Figure E-22: Sign -In Sheet for the November 6, 2019 Public Meeting in Ozark, AL 
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Figure E-23: Agenda for Public Meeting on November 6, 2019 
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Figure E-24: Fact Sheet Offered at Public Meeting (Page 1) 
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Figure E-25: Fact Sheet Offered at Public Meeting (Page 2) 
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Figure E-26: Sign-In Sheet for July 11,2019 SWCD Meeting in New Brockton, AL 
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Figure E-27: E-mail Sent to Cooperating Agencies 
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Figure E-28: Sign-In Sheet for October 30, 2019 Agency Meeting In Montgomery, AL (Page 1) 
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Figure E-29: Sign-In Sheet for October 30, 2019 Agency Meeting in Montgomery, AL (Page 2) 
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Figure E-30: Sign-In Sheets for October 30, 2019 Agency Meeting in Montgomery, AL (Page 3) 
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Figure E-31: Agenda for Agency Meeting on October 30, 2019  
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Table E-1. Irrigation Practice Effects on T&E Species 

Code Practice Unit Practice Effects Comments 

No 

Effect 

Not Likely to Adversely 

Affect T&E Species 

MA NLAA, B 

441 Irrigation 

System, 

Microirrigation 

ac N     

442 Irrigation 

System, 

Sprinkler 

ac N     

443 Irrigation 

System, Surface 

and Subsurface 

ac N     

430 Irrigation Water 

Conveyance 

ft  Avoid crossing streams with 

this practice. 

  If pipeline 

crosses a stream, 

contact NRCS 

Biologist to 

determine if 

consultation is 

necessary. 

449 Irrigation Water 

Management 

ac N     

533 Pumping Plant no  If the practice will be placed 

within 50 feet of a stream 

within a 12-digit HUC 

containing T&E aquatic 

species, further investigation 

is required. Increase buffer 

distance as needed to 

maintain the ecological and 

structural integrity of the 

riparian buffer and stream 

bank. If the practice will be 

placed in a habitat type 

where a threatened or 

endangered species may 

reside AND if disturbance of 

native vegetation (changing 

land use, herbicide 

 If this 

practice 

improves 

water quality 

and/or 

quantity, then 

this practice 

is beneficial 

for aquatic 

species. 

Contact State 

Biologist to 

determine if 

consultation is 

necessary. Can be 

beneficial to 

aquatics if 

replacing surface 

water 

withdrawals at 

critical times. 
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Table E-1. Irrigation Practice Effects on T&E Species 

Code Practice Unit Practice Effects Comments 

No 

Effect 

Not Likely to Adversely 

Affect T&E Species 

MA NLAA, B 

application, earthmoving, 

soil disturbance, etc.) is 

involved in the installation 

of this practice, further 

investigation is required. 

Review the Sensitive Habitat 

Fact Sheet and plant fact 

sheets. Make a visual 

observation of the area to 

determine if the species or 

habitat for the species exists. 

642 Water Well no  If the practice will be placed 

in a habitat where a 

threatened or endangered 

species may reside, further 

investigation is required. 

Review the Sensitive Habitat 

Fact Sheet, then make a 

visual observation of the 

area to determine if the 

species or habitat for species 

exists. Examples include: 

Avoid ground disturbing 

activities within Red Hills 

Salamander habitat; Avoid 

altering hydrology of 

ephemeral drains (avoid 

logging during wet weather) 

within the FWS habitat. If 

the practice will be placed in 

a habitat type where a 

threatened or endangered 

species may reside AND if 

disturbance of native 

vegetation (changing land 

use, herbicide application, 

earthmoving, soil 

disturbance, etc.) is involved 

in the installation of this 

practice, further 

 If this 

practice 

improves 

water quality 

and/or 

quantity, then 

this practice 

is beneficial 

for aquatic 

species. 

Benefits to 

aquatics apply if 

this practice 

results in stream 

exclusion. 
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Table E-1. Irrigation Practice Effects on T&E Species 

Code Practice Unit Practice Effects Comments 

No 

Effect 

Not Likely to Adversely 

Affect T&E Species 

MA NLAA, B 

investigation is required. 

Review the Sensitive Habitat 

Fact Sheet and plant fact 

sheets. Make a visual 

observation of the area to 

determine if the species or 

habitat for the species exists. 
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Figure E-32: Decision Diagram for NRCS Practice Effects on T&E Species 
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Table E-2. Typical Farmer Application Ranking Criteria1  

 

1 This table does not include the specific scores pertaining to each issue but does show the subject matter the SLO 

will use for the ranking process to more accurately ensure unbiased, accurate farm information submitted in 

applications. 

 

 

Farmer Application Ranking Criteria 

Is this the primary application for this program? 

Field to be irrigated has current conservation plan with installed conservation practices. 

Current tillage method resulted in >= 30% residue on the field to be irrigated  

Single species cover crop currently used on the field to be irrigated 

Multi-species cover crop currently used on the field to be irrigated 

Field has water source developed and ready for hookup to planned irrigation system 

Field has water source identified but not developed or ready for hookup to planned irrigation system 

Power is available and ready for hookup to planned irrigation system 

Distance to water source, < 1/2 mile 

Distance to water source, > 1/2 and < 1 mile 

Distance to water source, >= 1 mile 

If water source for irrigation is a stream, less than 10% of HUC-12 watershed land area is irrigated 

No permits (i.e., USCOE, USFWS, ADEM) are required for planned irrigation system, except for Office of Water 

Resources' Certificate of Use. 

Field not limited on irrigation general table in Soil Survey 

Field is somewhat limited on irrigation general table in Soil Survey 

Field is very limited on irrigation general table in Soil Survey 

TOTAL POINTS  
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Figure E-33: NRCS Conservation Practice Classification of Effects for Cultural Resources 
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Figure E-34: Cultural Resources NRCS Review Form 
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Figure E-35: NRCS CPA-52 Environmental Evaluation Worksheet (Page 1) 
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Figure E-36: NRCS CPA-52 Environmental Evaluation Worksheet (Page 2) 
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Figure E-37: NRCS CPA-52 Environmental Evaluation Worksheet (Page 3) 
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Figure E-38: NRCS CPA-52 Environmental Evaluation Worksheet (Page 4) 
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Figure E-39: NRCS CPA-52 Environmental Evaluation Worksheet (Page 5) 


